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THE PRECIPITATES THE PRESENCE 
COMMON IONS AND OTHER 


The Institute General and Inorgaaic Chemistry the 
Academy Sciences the USSR, Kiev 


The Effect Fectors, the Effect the Strength 


The solubility precipitates one the most characteristic 
considered the separation the elements, and the many methods 
determining them. Solubility depends different factors: concentration 
the common ions, the acidity the solution, the presence complex-forming 
substances, the presence non-aqueous solvents, and the temperature and ionic 
strength the solution. Unfortunately during the last 20-30 years most the 
work carried out has_been done the effect the last factor. the other 
hand far too little attention has been paid the effect chemical factors, 
being sometimes assumed that experiments the principle the solu- 
bility product have scientific significance, this principle were only 
empirical value which often not justified experimentelly. 


The relation between product and ectivity product was con- 
sidered 1943 Kapustinsky [1] who also the connecticn 
and with the thermodynamic expression for free energy. The chief 
work based the study the ection strong electrolytes are the follow- 
ing. There exact physical picture the relationship between ionic 
activity and the ionic strength the solution. The equations Debye, Huckel 
and others give better egreement between theory and practice, the more 
they introduce into these equations. Further, chemical factors are 
often completely ignored. Thus the effect excess common ions the solu- 
bility precipitate considered exclusively the light Debye and 
Huckel's theory. Meanwhile completely obvious that complexes are 
interaction between certain has been shown, e.g. between 
and NaCl, and (and with and with acetates, etc. Complex 
ions formed the interaction charged.ions with precipitates, 


Moscow 14-17 November 1951. 
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and other reactions are into consideration, the re- 
sults being uttributed the effect strong electrolytes. 


Finally the effect the strength solutions comparatively small. 
Even for concentrations where deviation between the numerical values 


rather Thus, for the most common precipitates. the 2-2 valency type 
tion between and expressed the equation 

where the activity ccefficient. The neutralized activity coefficient for 
doubly ions for ionic strength 0.1 amounts 0.25 Thus 
for the solubility product increases the value given 


i.e. the solubility the absence other electrolytes. This calc- 
ulation shews that for accurate experiments, essential consider the 
effect cther The simplest doing this insure 
constant ionic strength any series obviously, this way 
Such conditions correspond very well with normal analytical 
conditions, since order dissolve the substances being examined (alloys, 
ard sufficiently constant other electrolytes. Thus the effect the 


with the which less than the ionic strength. 


there basis for essigning any exceptional importance 
the effect other electrolytes. Even the least favorable cases 
the effect cen change the solubility only ten the cther hand, chemical 
factors (presence icns, the solution, complex compound forzation, 
based the effect strong electrolytes; the major- 
ity for separating and elements based the effect 
different This practical criterion shows that the study 
the precipitates, chief attention should given ques- 
tions the influence ions, the acidity the sclution, 


The 


the Precipitate 


The best and most often used consequence the product 
principle, the lowering the solubility precipitate the addition 
excess ion, i.e. usually excess precipitant. However, this 
holds those cases where the formation precipitate the only 
cases, however, tne precipitate only one several forms the product 
reaction between the components. all cases the use excess precipitant 
the concentration the precipitated ion. Nevertheless, when this 


only certain cases that the precipitated ion transferred 
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Thus, e.g. can precipitated alkali hydroxides just 


the aluminates. the precipitation silver halides, 


investigation always shows that whole series coordinately saturated* 


the solid phase the composition. other cases, excess precipitant 
leads the chemical compounds. 


one types cheaical Interaction between precipi- 
and excess precipitant are known; precipitation reactions, i.e. the 
tion other precipitates (besides PA), acid-base reactions, oxidation-reduction 
reactions, and ccmplex compound formation. 


excess precipitant can lead change the composition the pre- 
cipitate, the formation new solid phase. Thus precipitates phos- 
phates can formed, the composition which vary with the precipi- 
tant (e.g. and characteristic cases the 
formation solid phases different chemical for different amounts 
excess has been studied I.V.Tananaev and coworkers [3] for the 
case metallic ferrocyanides. 


Interactions character are also Thus, certain 
cases, the presence excess cations, basic salts are formed. Excess 
precipitant multibasic acids low concentrations leads decrease 
the solubility the precipitate, while high concentrations dissolves the 
precipitate with the formation ecid salts (e.g., the formation hydrocarbo- 
nates, hydrosulfides, etc.) 


Nevertheless, all the possible forms chemical reactions between 
cipitate and excess precipitant, the most important that cozpound 
well that lerge compounds, despite their low 
solubilities, can not used analytically precipitates, owing their solu- 
bility excess precipitant. Such, e.g., are the iodides bismuth mercury, 
the copper, bivalent iron, and zirconium and the majority metallic 

etc. the precipitation many precipitates, necessary 
insure concitions, such that the concentration excess precipitant not very 


hydroxide, but excess alkali hydroxide dissolves the precipitate 


precipitate, 


Complex formation between excess precipitant and precipitate one 
the chief handicaps the application precipitates analysis. Couplex 
compound can used some cases for dissolving precipitates; 
fortunately, although these reactions are very weil known, they have been little 
studied. 


Cases increased solubility the precipitate owing the effect 
excess anicns more common; such cases complex anions are which 
are saturated (or near saturated) the coordination sense. Nevertheless, de- 
tailed study complex compound formation investigators recent 
years has shown that such proceed stepwise. the chemistry 
ccmpounds the best known are coordinately saturated complexes. 
However, those forces which lead the formation coordinately saturated 
plexes, other conditions lead the formation stable,although coordinately 
unsaturated, complexes. for any central ion and coordinated ion (usually 
anion) coordinately saturated compound BA, BA, known, then 


The central ion these complexes may coordinately saturated 
with solvent molecules. The term "coordinately used here its 
sense for denoting compounds which the central linked with 
incomplete number the coordinated ions 
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exists solution, which are related stepwise. 


one the members this series complexes where less then 

characteristics. the addition excess ccmmon ion the 
the precipitate will increase the result the formation com- 
been noted expected that this precipitate will dissolve also 
the presence excess cations forming complexes the series 
Experiment shows that this actually occurs. Precipitates 
which dissolve excess their own anions, will also 
excess cations. 


One the most widely precipitates this connection 
Morse [4] the formation all complexes this 
also the constants the stepwise dissociation The 


cation reactions can observed with other precipitetes 


The the oxalates the rare earths and are 
solubility rere earth and thorium oxalates, and also published methods 
for the these elements, emphasized that these oxalates must 
oxalic acid, and not the oxalates the alkali 

~he latter form solubie complexes. The rare earth oxalates 


‘this are therefore analogous which must precipitated 


present. The slightly dissociated oxalic acid (in the presence 
gives concentration ions, which are sufficient for the quan- 
titative the rare earth oxelates.. addition the highly 
the rare earths and are formed. 


view the properties noted above precipitates complex crar- 
acter, expected that rare earth oxalates would also dissolve 
excess cations. fact, the oxalates cerium and thorium 
easily heating) with the formation compiex cations 
etc., when the precipitates are treated with solutions cerium 
thorium nitrates, respectively. Similer reactions with the iodates certain 
earths are sometimes used proof the incorrectness the solubility 
principle. study the effect other electrolytes shows 
that these not react chemically with the precipitate, then 
their effect will insignificant (for the same ionic strength the soiution). 
The solutility precipitates result the formation complex cations 
less significance than the solubility owing the action anions, 
although the first group reactions has ..been studied considerably iess 
extent. The enhanced solubility the thorium, and the rare 
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the formation complex cations the type and also 


etc. Precipitated dissolves easily excess the complex cation 


(or being formed, 


Character the Common Ions 


The exanples complex formation between precipitates and common ions 
solution noted above, necessitate the general question the 


plex formation occurs. mentioned above, series groups HgI 
the absolute and relative concentrations. According results 
obtained Morse which teen modified the present author 
the relations for the stepwise dissociation constants. 


The sclubility HgIo water mole per liter. the 


sclutions 


The calculation similer the well known formula for the 
acid salt snd consists the following. The dissociation solu- 
tion, accordance with the values the stepwise dissociation constants, pro- 
ceeds mainiy according the equation the ions and 


formed cnly insignificant extent. 


that the solution remains electrically neutral 
+ 
From the relations for enc found that 


Comparing these follows that: from which 
From the last relation and 


i.e. the concentrations HgI* are very comparison with 
the concentration the therefore assumed that the 
concentration the non-dissociated part the equal the total 
bility, i.e., Using this value, and also the concentration 
the relations the find the concentrations the 
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components the system. the details calculations, the 
sults are follows (approximately). 


saturated solution the following concentrations the differ- 
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The existence such complicated system saturated 
solution not exceptional. Analogous results can found the literature 
for other e.g., The system saturated 
sclution undoubtedly even more this connection, 
essential ask how express the solubility product precipitate 
found apart from the undissociated molecule The concentration product 
any pair which can form interaction, will constent, and 
cen justification regarded the solubility product. Thus, the 
constent for this reaction given 


The formation precipitate also possible result the reaction 


Other for the product™ are also possible, each 
which will have constant value saturated solution. The question which 
these expressions will the product. This question has 
for system which formation occurs. 
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Solubility given case, can seen from the values given above, 
molecules 


the decrease solubility, increasing the concentration one the ions, 
from the the solubility product. the case considered, even 
the ionic solubility cannot essentially lower the solubility 
the precipitate, since the concentration the precipitate ions negligible 
with the concentration molecules Moreover, the addi- 
introduction simple ions and will increase the solubility. The 
relations etc., given above characterize the free energy formation 
the solid phase from the corresponding ions. However, neither one nor 
the other the relations for the solubility product which important for the 
characterization the equilibrium between the solution and-a precipitate 
nature. knowledge these values (and also the solubilities 
the precipitate) enables the effect the ion calculated. 


For the other precipitates similar type) the 
solubility the presence excess common ions can found from the following 
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From which, taking into account the third dissociation constant, 


The the presence excess cations determined the form- 


The solubility function the varying concentration the ceticns 
the constant value the molecular solubility and dissociation 
constants the complexes, can calculated from and elimination 
the value 


direct substitution the values the above possible 
show that the solubility for 0.1 excess will i.e. 
practice, the solution proceeds until elmost all the latter 
used For equal excess cations, the solubility will less; for 


The solubility for precipitates the type EgIo, which occurs 
the abser.ce excess ions appears contradiction with 
the properties precipitates which cannot form 


Actually, was shown above, the solubility determined chiefly 
the presence Consequently the lowering the concentration 
Significance. the other hand, complex formation increases the solubility even 
very low concentrations excess common ions, e.g., possible calcu- 
lete the common ions, for which the solubility This, 
obviously, will take place the i.e., the concentrations 


very low common ions the increases double the value 
the pure solvent. 


For many precipitates the capacity complex formation not manifest 
for Thus, according some the literature and the 
end ions, addition which there are only 10% ions even less 
The solubility such compounds,which seem general type 
precipitate, can characterized follows. The curve relating the total 
same kind, expressed the two curves for the different kinds 
solubility. One form solubility determined the presence simple 
and can the normal method from the product. 
This part the tota] solubility decreases adding similar ions. 


The other form solubility determined the formation complexes 


Results collected solubilities also indicate that the 


ity determined gravimetrically, fev hundred the solubility 
calculated from electro-conductivity measurements, 
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with common This form increases introducing excess 
ions. 


anions will small (complex and the solubility 
will determined chiefly the value increasing the concentration 

the excess common anions, the value decreases with the 

relation. the other hand, the value gradually increases 
(particularly the value approaches the value K3) and finally becomes 
than the value Thus, the relation between total solubility and 
the concentration excess common anions expressed curve with 
From what has been said obvious that the will occur when 

KI. and Kiel detailed investigation the solubility 
KI, found sinilar minimum (at KI). the dissociation constant 
the 


then according Korenzan's calculations the 


Given atove for the characterof the complexes, the rela- 
ticn between the the precipitate and excess cations will 


Solubility Precipitates, when Complex Occurs 


the the between preci and excess 
used for the solubility the presence excess only 
when there formation. For many precipitates, the other 
the formaticn anions and cations the action excess common 
is, one enother, characteristic. order calculate this effect, 
know the values the stepwise dissocietion constants 
the the system These values are known for only few cases. 
Such though interest typical cases, cannot 


the the formation and sclution many precipitates. more 
expedient therefore characterize such complex the basis 
analysis. 


Usually investigation the common the solu- 
bility the precipitate, the results are the type 
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the right while systems precipitate the presence different 


between and concentration excess ions expressed the 


Solubility plotted along the ordinate, and the concentration excess 
anions the The point corresponds pure precipitate 
the absence excess common ions, und the ordinate represents the solubil- 
ity the precipitate under these If, e.g. the precipitate does 
not form, only forms unstable complex with excess anions, then the 
relation between the the precipitate and the concentrations 
depicted the lina curving downward, 


The results investigating the lity precipitate the pre- 
sence excess common cations are usually expressed the manner shown Fig. 
The concentration ions and the solubility the precipitate are plotted 
against the abscissa and ordinate respectively. the absence any 
fable complex formation, the relation expressed the descending curve 
When however, this method used for plotting the results, such properties 
the precipitate are closely are determined the chemical 
nature the precipitate, are considered separately. During the precipitation 
any precipitate, there exists initially system with excess one 
the anions, while toward: the end precipitation (after the addition 
equivalent amount precipitant) the system contains excess the second 
ion. Sometimes the same precipitate (e.g. AgCl) can used for determining 
either the cation the anion, under different conditions. Therefore 
worth while combining the two types diagram consider general 
way the both ions the solubility the precipitate. this, 
Fig. around the ordinate through 180° and placed back back 
Fig. give diagram the type Fig. which under certain additional 
conditions will typical diegram physico-chemical analysis, and 
acterizes relation between the composition and property the 
The represents the most important property precipitate its 
solubility --while the abscisse represents the different possible concentra- 
tions excess both common 


The formation precipitate saturated solution containing excess 
ions types can effected simply mixing solution electrolyte 
containing the cation with solution electrolyte containing the anicn 
The original solutions can equal molarity and can then 
mixed different amounts, that the sum the volumes the solutions 
remains constant. reactions between ions the same valency, precipitate 
solution salt (solutions equal molerity), then system ob- 
tained which the precipitate completely free excess common ions. 
The position mixture composed equal volume and cor- 
respond point the abscissa the composition-property diagran (Fig. 3). 
The ordinate this point, represents the solubility the precipitate 
the abserice common ions. obvious that (Fig. the physical 


the reactants are not mixed equivalent amounts, then the 
mixture wiil correspond different points along the Systems pre- 
cipitate the presence different concentrations excess anions lie 


excess common cations lie the left The relation 


the relative and not the absolute values the concentration volume 
vhich plotted the abscissa. The scale also 
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Fig. 


teristic curve bla. curvature the lines and depend the choice 
scale and units the coordinate axes. For general characteri- 
precipitete end alsc for the classification precipitates, the 
which only incicetes the principal trend the relaticn. 


The necessity clessifying according the character 
the nas been remarked the literature, e.g. 
Similer ideas regarding the various between 
with the resuits given above,. the solubilitizs 
series the presence excess common ions connected 
with slency, since cbserved for such precipitates AgCN, 
determine the character the interaction between the precipitate and each 
the end the the different constants 
(Lp and the epplication such diagrams, with the help 
mixed crystals, etc., made. 


the character the effect the commor ions possible 
distinguish four types precipitates, which forms the 
correspond. 


type precipitate the ideal® for use analysis, since excess 


common icns decreases the solubility the precipitate, complete agreement 
with the relation Lp. This curve characterized sharp maximum 
point corresponding the composition the precipitate (Fig. fora 

the curve depends the choice scale (simple logarithmic) and also 
the the precipitate. the case precipitate composition 
both tranckes the curve (Fig. 4); for composition 

the excess anions decreases the solubility more than excess cations,Fig.5. 
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this case the curve hus the previous curves. 
excess common ion, represents the solubility (Fig. 6). Excess each 
the components increases the solubility. 


Strong complex formation, which the precipitate 
saturated the coordination sense. The relation between the solubility 
cryolite, and the concentration aluminum fluorine ions can 
this precipitate (for maximum coordination for 4), then 
the relation will have the form illustrated Fig. anions 
cannot lead the formation new complexes, .and will therefore lead 
sharp decrease the solubility the precipitate. the other hand, ex- 
cess will react with the precipitate, forming coordinately unsatura- 
ted complexes BA3, and BA, result which the solubility the pre- 
cipitate will 


Fig. 


most real belong this class. general, the relation between 
precipitate solubility and excess common ions represented curve with 
maximum the absence common ions, and with two the presence 
excess common (Fig. 8). For low excess common ions there de- 
crease solubility the precipitate, although the decrease not great 
would expected the basis the usual application the solubility 
(dctted line, Fig. 8). For large excess ions, 
the process and the solubility begins increase. 
This type common ion effect observed for the presence excess 
KI, and many other cases. 


When complex formation very weak, the minimums can lie very near the 
ordinate. some ceses, when the solubility the salt containing 
restricted, the cannot observed all; however, the 
Solubility will slightly higher tha that caiculated from the normal solubility 
product (Le). such cases, the expression for solubility product can 
used for approximate calculetion, but only within the limits 
corresponding the interval between the two minimums the curve. 


The complete relation between the concentrations the ions such 
precipitate, i.e. the concentrations and must expressed 
ternary 


Thus, the solubility cryolite aluminum salts, the solubility the 
hydroxyquinolates series multivalent metals the presence ex- 
cess the cations these metals, etc. are well known. 
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SUMMARY 


The effect common fons and other ions the solubility precipitates 
has been considered The strength the solution has some effect, but 
not large, can eliminated using solutions equal ionic strength, 
which correspond practical analytical conditions. The most important effect 
that the interaction between solid phase and ions solution. 


The effect common ions the solubility the has been 
complex anions and are formed the presence ex- 
cess For precipitates which their cheracter are one 
series stepwise complexes the Bcations anions, the 

product not single valued and cannot the calculation 


The using the physicochemical for 
the changes solubility owing the action excess 
fons has been pointed out. For this purpose, diagram 
property cen used, which the components the composi- 
ticn are the solutions the reacting ions, while the solubility the pre- 
cipitate the important property the system. this basis, 
precipitates can diviied into four classes: the absence complex for- 
mation cheracterized maximum solubility the equivalence point; strong 
formation, sdlubility the equivalence point 

the excess ions); cdmplex formation, under conditions 
which the coordinately saturated compound, this case ex- 
decreases the solubility, ‘while excess common cations in- 
creases the solubility; the solubilities-of large precipitates 
two for definite excess each the ions. 


CITED 


Mcrse, phys. Chem. 732 (1902). 
[6] Tenanaev, Gen. Chem., 2437 (1937). 


277, 1950. 


Received December 12, 1951 


: 
= 
é 
. 
Age 
e 
. 
oo 
am 
a 
: 
£ 
= 
. 
° 
a 
3 


- 


XX. THE SOLUBILITY 
COMPLEX (REAL) ANALYTICAL SYSTEMS 


Institute General and Inorganic Chemistry, USSR Acadery Sciences 


The present work continuation the work the study the 
solubility solutions different electrolytes, the ions which are 
the same as, differ from those the precipitate, and the cations 
are different valency [1]. The noteworthy feature the 
present article, the presence the nitrate quadrivalent cation. 
far the euthors are aware there these the 
literature, neither are there results relating the errors 
which arise when calculating solubility the basis the constancy 
(the activity product), and the values the ectivity coefficients are 
lated equation. far firstly the ionic strength 
the solution taken into account the equation, while second- 
the chemical interaction between the dissolved ions and precipitate ne- 
glected, expected that between expericent and theory 
will particularly large the considered. The first deternined 
incompiete electrolyte dissociation solution, while 
the second determined the enhanced ectivity usually observed for 
maltivalent cations, which form chemical bonds varying stability with the 
majority anions. The nitrate thorium was chosen the quadrivalent 
cation aqueous solutions this sait are stable without the acdition 
acid. Lithium sulfate was chosen the electrolyte containing common 
-ion, because was previously [2, 4], the presence 
ions does rot change its composition, when into contact with solution 
containing excess sulfide ions. 


The the concentration lead the saturated solutions 
was made the use method with preliminary 
tations lead sulfide from tartaric acid solution. 


experiments the determination the solubility the 
centrations varied from 0.0001 0.1 mclar, for constant con- 
were investigated which the concentrations were 0.001, 0.01 and 
cne series was done the absence 


The activity coefficients according the Debye-Huckel equation (second 
were calculated the assumption the constancy all 
the lines method worked out previously. The necessary values 
were found starting not from 0.1 and molar solutions the electrolyte 
(as before) but from and 0.1 molar solutions respectively. 
1). Report read the Conference Classical Methods Chemical Analysis 
held Moscow 14-17 Nov. 1951. 
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obvious that strongly increases the solu- 
bility the solubility 0.1 moler being 200 times that 
pure water. This increase considerably more than was found previously for 
[1]. the presence the effect the solubility 
varies with the ccncentration the being less the greater the 
concentration 


Fig. (given two scales for convenience) and-particularly Fig. illus- 
trste this very gréphically. Only 0.1 molar does the solubility 
value characteristic for pure water, although this true 
only for not higher than 0.01 moler; for 0.1 
the still tines that water. For low concentrations 
Gotted which are lines equal concentrations for This 
especially for lines equal concentration fcr 0.1 moler 
can seen Table the calculation Gid not give gcod results. 


therefore that systems the type the used 
not give values for the coefficients withcut which the prin- 


The deviations are explained the presence the clearly 
affinity, manifested the fcrmation slightly dissociated 
late the sclubility from the dissociation constant such ions, the 
results being superior those based the 
use the activity coefficients the dissolved precipitate, which rule 
(particularly complex systems) are unknown and are difficult determine. 

the present work, calculations based this principle were not made 
insufficient experimental data for intermediate concentrations 


the other hand noted that the solubility diagram adduced, 
eratles the solubility found for any part the system studied, 
with fairly close approximation the true value. The diagram can used 
for practical purposes cases where necessary precipitate lead the 
presence multivalent ions. 


The composition solutions systems which are dealt with the course 
analysis usually complex. both comnon and different from 
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tical This explained the variety possible reactions be- 
tween the ions composing the solutions and precipitate, and the variety pro- 
cesses underlying precipitate solubility each individual case. 


the precipitate ions enter into the composition. often difficult resolve 
the question the solution precipitates under such conditions theore- 


a 


moler; 0.1 moler 


the literature results end our own work the study 
precipitate solubility, concluded that the present time universal method 
calculating the solubility complex systems hardly feasible. 


shown rreviously and the present work the calculation precipitate 
solubility the basis the constant rendered difficult owing the ab- 
sence results the activity coefficient complex systems. Calculation 
activity coefficients according the Debye-Huckel equation (second approxima- 
tion), gives good results many cases; however, the presence any 
ciable chemical affinity the system, this method becomes unsuitable. 
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where clearly manifested, that precipitate solubility can 
calculated with good approximation the true value, the use 
the values the constants the products formed solution (in 
this case BeF*) and usual 


conclusion was above, connection with the study the 


the application physico-chemical analysis the study 
containing precipitates showed that these systems are 
usually more complex than normally Apart from the 
nomena above, the precipitate itself very often changes its compositions 
owing the double (complex) salts, solid solutions, that 
any approack the problem which does not take into account this aspect the 
question, loses its and significance. 


spite this, however, seems that the basis the large amount 
cata the study all possible forms systems the 
cation ecntaining precipitates, means which will possible 
predict the Girection the process. For purpose diagram the solu- 
ion used. This was proposed one the authors 


Type which salting cut the (decrease 
both the anion and cation sides. The effect ions not 


Type 2,2. Part salting out the cation and sides with sub- 
sequent (increase both sides. The curves 


3,5. Strong the cation and anion sides 


Salting out and the absence formation the common 
out with subsequent complex formation the 


1,5. out the the cation,. and strong complex 


Type 2,1. rtial salting out with subsequent complex .formation the 
side the caticn, and only salting out the anion side MeFo 
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these only the salt the are indicated. 
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Type Partial salting out with subsequent complex formation the 


cation side, and strong complex forzation the anion side 


3,1. Strong complex formation the cation side, and salting out 
the anion side (ThF, ThF, 


Type Strong complex formation the cation side, and partial 
out with subsequent complex formation the anion side. 


From the examples quoted above obvious that the curves can have the 
diverse shapes, curves having (types curves 
having minima (type 3,3). Curves can also obtained which not intersect 
the ordinate and corresponé the precipitate solubility pure water (types 
3,1 and All this variety curves explained the fact that the 
solubility the precipitate cetermined processes which are 
opposed, némely the salting out effect and complex formation. this connection 
possible imagine limiting case where the solubility the precipitate 
expressed straight line parallel the abscissa (the dotted line 
Fig. 3), such case salting out end complex formation mutually compensate 
each other. Cases pure salting out complex formation respectively are 
rarely met. Salting out gaseous HCl example 
the forner, while the reaction AgCN typifies the second. 


Tne classification given above extent the 
tetween which arise the ionic types the individual 
components these systems, indicates first approximation only part the 
question precipitate solubility. Fig. represents such system when the 
composition the precipitate remains unchanged and corresponds simple salt. 
the majority cases however, changes occur the precipitate the result 
processes, particular the formation cf.double salts solid solu- 


4 


every new phase represented the corresponding curve (branch) solubilities. 


(MA) electrolytes precipitate (MA) the presence 
with common ions (M,A and electrolyte (M,A) 


The type which for the simplest case where one 
salt occurs together with complex formation fon the anion side) represented 
Fig. many cases several new solid phases appear and the form 
the diagram becomes correspondingly more complicated. number such cases 
described the literature. particular the following systems may 
and separate out particular interest this connec- 
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are systems which contain insoluble ferrocyanides. Thus the system 
out the system the following are formed 
and are formed. 


These examples systems containing fluorides and ferrocyanides (which 
are not exceptions) show that systems precipitates can very 
complex. Thus, number the above systems, solid solutions were found 
well the slightly soluble double salts [1,11]. possible that 
systems consisting multivalent ions, hydrolysis also occurs with the forma- 
tion basic salts different composition. This last possibility which 
leads complication the picture whole, not usually taken into 
consideration for the sake further which sre not always 
justified. 


the present articie not Table 
proposed give exhaustive list 
systems, which complex pic- 
ture the precipitation process 
observed. This question touched 
already cited 


The aim the present article, 
necessity short, show that 
difficult apply either one 
method another calculating the 
solubility precipitates means 
practicel importance which 
contain precipitates. 


many cases the details which forms particular compound exist 


solid phase and solution are still uncertain. the interactions 


between these forms are also unknown. typical example the hitherto 
little studied formation soluble, positively charged, predominately multi- 
valent, metal icns contuining unsaturated acido groups (left part the 
rig. have shown previously [1] and the present article, 
the solubility precipitate such cases can calculated the basis 

the constants the slightly dissociated compounds formed 

solution. This can illustrated taking example, the solubility 
the system which clearly define occurs 
according the reaction 


concentrations are given Table 


The constants can calculated from the 


can seen from Table that the value varies within the very 


the concentration changes 300 times. 


| 
systen 
td. 
0.3 0.35 
0.1 0.63 2.10 
0.01 0.00681 1.36 


follows from this the calculation the solubility precipitate 
the presence manifest chemical the system, the 
basis the constancy Lp, possible with fair approximation the true 
value. order this however, essential have clear idea the 
composition the compounds formed solution. 


What has been said this review summarized 


The problem the solubility precipitates many practical systems, 
usually complex composition, cannot resolved the present time 
basis calculation, without recourse all sorts simplifications, and 
accepting the system such and accepting changes concentration the 
components within wide limits and changes the compositions the precipitate 
double salts, solid The fullest information 
about the behavior systems containing precipitates can obtained the 
study systems containing precipitates means the physico-chemical 
analytical method, with careful characterization the composition the 
solid and liquid phases. The most important reaction for practical 
the exchange decomposition the general 


precipitate 


which common and different from the precipitate ions participate. 


the present time experimental the study such reactions are 
extremely few and work along these lines should regarded one the most 
pressing problems analytical chemistry. Only the basis such work, 
which investigation the solubility systems carricd out simultaneously 
with careful study the chemical affinity solutions means physico- 
chemical analysis, can rational theory precipitation reactions developed 
future, not mention diagrams particular three 
which make possible choose, without any the method 
precipitation analytical prectice. 


SUMMARY 


Solubility the system 25° has been studied. 
has been shown that the equation cannot used for calculating 
the solubility this system, owing clearly manifested 
interaction which accompanied apparently the formation complex ions 
the type 


ideas have been put forward regarding the significance physico- 
chemical analysis for the theory and practice precipitation reactions, 
connection with which diagrem given the type ternary system: 
with which embraces all possible 
Systems containing precipitates, relation the ionic type the components 
and the character the interaction process the 
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THE COMPLEX STUDY 


The formation precipitates process which has teen well known for 
long time. Preparative and analytical chemistry, and factory practice have 
widely used difficultly soluble compounds. natural that large amount 
work has been devoted this question, and many practical methods proposed, 
etc. Information precipitates found, e.g. Kolthoff and 
book quantitative analysis 


The most common defect many studies this field the absence 
numerical values characterizing the precipitates themselves. 


have used simple determination the filtration coefficient, and 
studied number precipitates according this and certain other properties 
have made attempt below generalize the results using 
gypsum, and the hydroxides magnesium iron and aluminum 


Small crystals have the greatest [1]; the velocity solution 
depends the difference between the actual concentration the precipitate 
solution the concentration saturated solution the 
precipitate. 


the difference large, then other conditions being equal, 
the solution velocity will and the small dissolve 
quickly while the coarse ones grow. the other hand, value for 
leads proportionate slowing down this and leads ultimately 
contihuous state unbalance between fine and coarse particles. 


During the separaticn crystals from solution the difference has 

important effect, this called the supersaturation and the difference 
between the actual concentration given ion and the solubility the 
precipitate coming out solution. The greater the supersaturation, the 
higher the velocity with which the precipitate separates and the smaller the 
crystals formed. This ccnfirmed many examples, particular 
work. should remembered that precipitation proceeds 
falis increases owing the decrease concentration the original 
compound which has common with the precipitate. Obviously right 
the end precipitation (lastdrop) has for given ‘conditions 
and maximum numerical value respectively, the supersaturation 


The following methods can used attain minimum supersaturation 
for ail precipitation processes: decreasing (the use dilute original 
solutions); increasing the maximum possible value (increasing the 
precipitate solubility); decreasing and the maintenance conditions 
similar those obtained during the addition the last drop. 


shall briefly consider the effect these the precipitate. 


the concentration both reagents can reduce the super- 
saturation many times over, and affect the distribution particle size i.e. 
the quality the precipitate. e.g. according results, the 
addition 0.001 solutions sulfate barium salt the same concen- 
tration, the precipitate appears after minutes, the solution being 
clear that time, Precipitation lasts hours end the particle size 


the Conference Classical Methods Chemical Analysis held 
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For concentration the 0.0002 the precipitate takes month 

form and the particle size Obviously this method 
practical interest account the large volume reactants and the 

the 


known, e.g. get coarse crystals precipitation carried 


out the presence sugar; good crystals can obtained 

evaporation amnoniacal this compound; oxalate 

precipitated from acid solution etc. Factory practice uses relatively concentrated 
solutions sodium aluminate, which spontaneously precipitated with separation 

aluminun hydroxide (centrifuge method). Hoffer [3] the basis study 

the particle size precipitates, gave empirical equation AL? where 

the particle size the precipitate, constant and the solubility 

the given compound, which applicable both easily soluble and difficultly 

compounds. This equation only holds for comparable conditions 

precipitate foruation, particular for the time preparation. 


The drop method (Method easily attained practice the 
water other solution (buffer) [2]. 


important that each drop one reactant added the buffer 
thoroughly distributed before drop the other reactant added. 
that this technique requires careful regulation the time eddition. 
decreasing the volume the drops added and increasing the buffer, 
possible theoretically get eny given degree supersaturation. This 
organize process precipitation and pour very concentrated 

Solutions into the buffer (see below). 


the last drop method (Method the supersaturation may 
precipitated (Method B). widely used laboratory practice. 
impossibie avoid local supersaturation the point entry the drop into 
solution during its distribution the volume liquid 
fore the homcgenous precipitation worthy consideration. The 
conditions for this method are the presence precipitant and the expected pre- 
cipitate one phase (in solution), and the precipitation occurs the result 
slow homogenous precipitation are the well know 
nitride wethod precipitating iron and aluminum, and also 
precipitating calciun oxalate which ammonia released the hydrolysis 


- 


Because the the gas, this form precipitant 
very successful, because only slight supersaturation occurs. shall consider 
this method below using the carbonization aluninate solutions 


Since the majority precipitates have positive temperature 
coefficient solubility, heating increases the solubility, and usually the 
quality the precipitate thereby favorably affected. easy see that 
the action -heat can also unfavorable solubility with 


obtain them crystalline form porcelain rather than glass vessels; 
established that series cases the introduction seed(crystals) 
shows effect only when large amount them are used. such case 
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the minimum addition time. 


necessary introduce the concept surface action. 


Spiro independently established and used the favorable action large 
amount precipitate for the formation new lots precipitate. called 
this method the accumulation method, because the first portion precipitate 
which formed, used nucleus for the formation portion 
these two portions then act nuclei for third, etc., the 
precipitate gradually accumulates the first crystals. verified the 
effectiveness this method [2]. should noted here that the method 
mentioned above (the last drop method), obviously uses all the 
precipitate obtained nuclei, many times new portions precipitant 
(drops) added, for the whole mathematical treatmert this 
(A. Nikolaev) gave the following number contacts the seed 
crystals with the precipitation zone during the whole period precipitate 
formation. 


Drop Method (without seed crystals) 
Drop Method (with seed crystals): 

n-th successive precipitation: nma ma. 


the crystals formed from one portion (drop) the 
precipitations; the number drops (portions). 


times more efficient use the seed crystals Compérison the 
method [5] and Method shows that one precipitation according 
Method equivalent 20-30 precipitations nethod. 


Thus Method interesting not only means lowering supersaturation 
but effective method using crystals for further 
tation. 


concluding this part the work necessary consider some simple 
ideas from the which shall use later on. Particles 
precipitate can grow larger (or flocculate) the expense the true growth 
the crystal and can stick together™ Ordinary coagulants (heat 
and coagulators) can therefore leed enlargement the particle, although 
known previously each increase particle size does not necessarily lead 
improvement the precipitate [1]. 


also obvious that precipitant can also act agent for 
the precipitant with all the consequences thst that (increase the 
the precipitate, large final layer deposit, etc.). 


All the possible factors which can influence the quality the precipitate, 
can act either with against each other, e.g. the majority cases where 
heat used, together with Method the effect each factor increased 


Only the final are given due economy space. 
deem pleasant duty record that Prof. Tananaev his textbook 
analysis, proposed the method pouring the two reactants 


buffer, before us. arrived this method independently work 
and introduced some improvements the use seed crystals and the establishment 


- 


— 
2 
4 
‘ 
“ 
q 
4 
aan 
; 
‘ 
4 
i 
a 
4 
7 


separately. The method homogenous precipitation usually matches with increase 
precipitate solubility and with heating. 


have below the use four 
exazples quoted previously, the effect 
each these factors, which enable 
define more interesting field for further 
work. The filtration coefficient the 
precipitate was taken criterion, 
water the for gradient 
mination the filtration coefficient has 
been described previously [2], accordingly 
not dealt with further. Only 
the apparatus adduced. (Fig.1). 
good reproducibility for the 
results can seen from the results 
repeated determinations the filtration Fig. Filtration apparatus 
coefficient for three precipitates 

For and was observed that the precipitate becomes gradually 
Genser the filter. not difficult show theoretically that there 
inverse reletion between the filtration coefficient and the square the 
surface area the precipitate particles (see e.g. [9]). 


Time 


shall begin with Method The velocity entry precipitant drops 
can greater than the velocity with which the drops are dispersed the bulk 
the This leads local supersaturation (from the meeting the 
precipitation zone the two drops) and depression the growth the 
particles. the rate addition point reached which each 
drop will enter the solution just when the previous drop has been completely 


used up, the quality the precipitate should then improve rapidly. Obviously 


further increases the time addition will not improve conditions much more 


than the critical rate. Results are given Tables and below. 


can seen from Table and Fig. our expectations were 
justified; for there are three groups and the increase filtrability 


useful qualitative numerical character precipitate and 
deposit its dynamics settling and the depth the final layer 
standing. See below and also [2]. 
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stepwise. The addition time acts favorably gypsum precipitates, but has 
considerably less effect such colloidal and difficultly soluble precipitates 
and True, for hour addition Series the filtration coef- 
increases times; but this, course cannot compared vith 


where increases 40-100 times. 


The effect increasing the has been studied for 
and for precipitates which time does not have much 
effect. Results are given Table 

TABLE 
Filtration Velocity Precipitates cm/sec) Relation Addition Time 
(precipitant dropwise) 


Precipitates Addition tine hours 


10% solutions Filtration coefficients 

and 2.8 2.9 34.9 82-105 86-130 342 

10% solu- 1300 


Addition time hours. 


For addition times less than hours drop/2 sec) the 
ature not very significant for either for particular 
(Conpare with Nos. and 4). But since slow rates addition are sel- 
used practice, then acknowledged that the action heat alone 


-is apparently exaggerated. This was unexpected,.being contrary general 


opinion, and repeated the experiments several times. Nevertheless, the 
results obtained were still the same. curious that heating has only 
atively small effect (increasing times) even for 4-hour addition time 


(see No. Table and No. Table 2); this true also for seven hour 
tion period. 


Spiro's method which was tested for particular, 
(see did not give better results even for accumulations, than Method for 
long addition times; this can seen from Fig. which the Roman 


represent the points for precipitates accunulations. The 
ation method was therefore not used further. 


The last drop Method obviously effective only for definite addition 
rate; thus, the precipitate for addition time minutes the 
per second, and for hour addition period better 
results were obtained with this method than with Method but the advantages 
Method apparent when used NaCH; was only means 
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Ca(OH)o was used the For the precipitates obtained had 

filtration coefficient 8-9:10 cm/sec for addition times 1.5-3 hours, 
but these precipitates had one very important advantage they settled out 
than those obtained Method 


Table 


Relation between Filtration Coefficients (K) Precipitates 
and the Addition Time 


No. Precipitate Addition Time Hours 
and 
and 


tong experiments the precipitation with heating give very 
badly filtering precipitates owing changes the precipitate. 


coefficient for hour addition time; these precipitates 
which set-led out better than precipitates obtained other 
methods, were friable appearance and did not smear glass. 


with 96% precipitant, which had record values for 
that even wher. 10% was used Method the precipitates cbtained did 
not have filtration coefficients better than cm/sec. Thus Method 
very effective for some precipitates. 


method). The precipitate obtained had cm/sec, better than 
the precipitates; addition settled out very can 


Only typical crystalline precipitates quickiy. 


the carbonization aluminate solutions come across case the 
gaseous The result obtained was unique because 
addition small supersaturation addition the precipitant, the 


solubility the precipitate comparatively good. The corresponding results 
are given Table 


The significant effect elevating the temperature very curious this 
case. The filtration coefficient was determined for factory produced 
prepared the centrifuge method (the precipitate was given 
Prof. Lainder whom extend our thanks) and was found equal 


cm/sec, i.e. somewhat worse than obtained the carbonization 
method. 


filtration these precipitates are with coarse grain 
sand. 
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Table 


Settling Velocity Precipitates the Nitride Method 
(total layer: solid liquid 4.0 


Settling Time 
hour 


hours 
0.75 


Precipitate layer |0.8 


NOTE: Final ratio 0.23. 


liquid 
Results are given below which were obtained for means Method 
and which illustrate the effect the precipitant cation. all cases 10% 
solutions were used, and 10% solutions and 
used 


Table Record result were obtained for 
and These good results 
for instantaneous additicn are apparently 
connected with the following interesting 


10% solr. 


observations. After mixing the 
often one minute, the solution 
obteined remained clear, and only 


the end that time did crystalliza- 
tion The preparative process, which occurs the supersaturated 
solution, apparently facilitates subsequent crystallization. 


Table 


Filtration Coefficients for CaSO, Precipitates 
cn/sec) 


Precipitant Addition Time Hours 

10% soluticns 1.0 
680-1100 620-650 1300-1500 
2300 2000 2500 
2100 3600 3100 


The effect coagulators was investigated for and they were 
added give solution. The concentration the solution iron 
and aluminum salts and the NaOH was also 


can seen from Table that coagulators increase the filtration 
coefficient 4-15 times; heating the solution, the sulfate 
coagulators give even higher but the action chloride coaguiators, 
almost all cases, was unaffected temperature some cases their action 
was even impaired. From Table particular follows that the analytical 
determination order improve the precipitate quality, 
better precipitate the the presence sulfate than the 
chloride which the one usually used. 


4 


chloride increasedthe filtration coefficient the 
cold 3-4 times, but did not have any effect [contrast 
heating, both ammonium chloride and filtration coefficient. 
this case, therefore, the use chloride the analytical precipita- 
tion Fe(CH)3 justified. 


Filtration Coefficients Precipitates cm/sec) and 
addition coagulators (5%) 


Addition time drop/2 sec] 
Precipitate 


Observations 


Ppt. obtained 
the cold 
the colé 
Experiments were carried out the precipitation which 
and were used instead addition drop/2 sec]. The 


filtration coefficient for was while for 

whether the precipitation was out the cold 
thus gives slightly better precipitate; settles out 
quite well (see Table 


interesting that the substitution for the precipi- 
tation gave easily filterable precipitate only the last drop 
Method drop/2 sec); but these précipitates settle out badly (particle 
achesion). 


The better filtrability and for the 10% series 
with the series the result coagulating effect this kind; 
the NaCl formed during the reaction. Special experiments were 
made for which and 23% MgSO, were used, 
hour addition time, the precipitate obtained had 
(poor filtration). this case the effect negative and 
the true crystal growth. Thus Tanansev's rule confirmed for 
and but not for 


When the colorimetric method determining lithium applied natural 
brine with salt concentration the problem separating magnesium 
the hydroxide crops up. The application Method with precipitant 
snd the use heat yields precipitate with cm/sec, which 
settles (see Table 10). The effect here could not 
completely suppressed which testifies definite limitation rule. 


The peptizing ection alkali together with decrease the solubility 
hydroxide precipitates should become apparent when inverse order addi- 


addition time for 10% solutions the precipitate formed had ‘cm/sec 
i.e. twentieth that for the normal method addition. Consequently 


expected that lower result should obtained for also. This 
was however, not confirmed experimentally, thus solutions for hour 
addition time gave precipitate for which and 10% solutions gave 
precipitates with 1.2 and sec (compare Table 7). 


Table 


Method Method 
Increase Increase |Coagula- fuging 
temp. 


tors and method 
increase solutions 


increased 


uring 


Inverse addition. 


This decomposition period was extended and hours. this the 
results the third series given Table were obtained. can seen the 
precipitate formed was times more difficult filter than when 
decomposition the aluminate was effected but about ten times easier 


concluding this section interesting record results the 
filtration coefficients prepared different methods. 


Without entering into detailed discussion this cen 

said that the simple methods usually used (e.g. Tables 4,5 and improve the 
filtrability precipitate (13-22 times) but increase solubility and 
introduction the reactants with minimum local supersaturation (gas) give 

different effect (an increase filtration 509-1000 times). 
the basis this method, therefore, necessary good 
results for other precipitates. The difference the phase composition 

the precipitates should noted (for aluminates other hydrated forms 


confirmation this shall turn our attention the fact that such 
relatively soluble compound even for poor 
For the upper limit the for the 
solubility the usual media Apart from the good 
solubility the form the crystals which has definite 
ensures loose packing the filter. 


view the final solution after carbonization. 


for only attained for the best precipitates. 


Normal |Same 
temp. 
olution 


settle out rather poorly. 


The use the anphoteric nature gave results 
above; the method cannot used for did not succeed 
interesting try and find conditions for the precipitation 
similar those for The best and worst precipitates 
6-8 times their filtrability. 


Success was achieved for because large solubility 
product for therefore conditions low super- 
saturation addition time, the use Method etc.) good precipitates 
with were obtained. Results tre given for for four precipi- 
tates. concluding this section shall deal with few general questions. 
Let consider first whether particles the precipitate grow stick to- 
gether. succeeded showing the case and the existence 
the edhesion type This was the result 
the large capacity this type precipitate [2] and the presence 
the bad precipitates coarser particles, when they were measured 
and method (sedimentation). But since 
tates with such particles filter with difficulty, then natural 
postulate adhesion the particles, which the hydrostatic pressure 
during filtering can break down and thereby alter the form the 


Table 
Comparison Filtration Coefficients for Precipitates 
Precipitate 


This secondary coarsening was shown Fig. are given 

diagrams for the particle distribution for minute and hour 
precipitaticn; can seen that the badly filtering precipitate (20 minutes) 
has the coarser crystals. Then four hour addition period was tried under the 

usual conditicns with 20% NaCl (coagulant). Determination 
particle size this case showed even greater trail coarse particles, 

undoubtedly because secondary coarsening. The filtrability the precipitate 


Consideration Figs. and shows that good precipitates are 
homogenous with regard particle size distribution, thus for precipi- 
tation, 70% the particles had radii obvious that improvement 


method filter even slightly worse. 

the theory the water permeability soils shown, that 
presence 10% small particles determincs the filtration the soil (reason 
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the precipitates become even more homogenous, there limit particle 

growth for given conditions adhesion The existence this limit 
the horizontal trend the upper part curve Fig.. and 
also sedimentation curves and X-ray photographs. X-ray photographs also 
show that precipitates consist real and not ideal crystals. The presence 
forking X-ray photographs for the lines good precipitates indicates that 
there sre large internal stresses the crystals because irregular growth 
the different faces. the reason for the limiting 
growth particles during adhesion [2]. -crystallization also détermines 
the trapping mother liquor the precipitate, and can anew explain the 
phenomena coprecipitation and trapping (see 


Fig. Particle size distribution. Fig. Particle size distribution 
Addition time: min.;-2 hr. Addition time hrs. 


acdition NaCl. 


addition the particle size, their capacity and the differences 
the X-ray photographs precipitates with filtration coefficients, 
precipitates also differ other respects. The heating and dehydration 
precipitates corresponding the lower and upper parts the curve 
Fig. are represented Figs. and From Fig. can seen that the 
cessation boiling (decomposition the hydroxide) for small precipitates can 
25° low then for coarse precipitates. These two curves reproduce 
mentally two types brucite [the natural form discovered earlier 
Thus conditions similar those employed are also met nature. 


The break the heating curve the case considered corresponds boiling, 
more exactly, the dissocation tension equal atmosphere. 
MgO obvious that dehydration under isothermal conditions should 
differ considerably; this shown with great clarity Fig. where the 
precipitate containing small crystals which have been dehydrated the course 
few days; and are precipitates (similar the 2-hour one) which lose 
similar amount water only after days and this 250°, 


and under exactly the same (the same oven, the same weights and 
crucibles etc.). 


=, 
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_product. Therefore the preperation 


Some results for the washability precipitates are given Precipitates 
formed after accumulations Spiro's method and washed until 
reaction was given the wash liquors contained the amounts 
the precipitate (Table 9). 


the last precipitate contained 0.25% 
precipitate. obtained Method 
for hour precipitation time (the 
best precipitate for filtrability) 
inverse addition (worse pre- 
cipitate for filtration) contained 0.13% 
Factory precipitates are 
which has not washed 
with consequent bed effect the 


also from factory practice that Thermogram ppts. 
ecording both thermograms was 

when precipitates contain crystals made one sheet 


that they can obtained easily filterable state only separation from 
the bulk the contaminating ions the mother liquor, but precipitation 
easily filterable precipitates before calcining, apparently cannot 


Precipitates I-IX precipitated the accumulation 


that the usual adsorption mechanism for 
not responsible for the contamination precipitates usually accepted. 
Thus, precipitate which filters badly (I, Table showed least contamination. 


The curves for the settling rates precipitates general behave 
the filtration coefficient, can seen from Fig. for 
precipitates. From curves 2-6 Fig. the definite value 
clearly shown both the filtration coefficient, and the determination 
particle size the précipitates (see above). case where the 

coefficient did not correspond the settling rate the same precipitate was 
observed earlier, and connected with achesion the 


time 
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very interesting phenomenon was observed during the precipitation 
and and 10% After addition approximately 
the precipitant, all the the vessel transformed into 
fairly thick gel, that often stopped the stirrer. further 
dilution the alkali, the gel tninned out and the equivalent point 
gelatinization ceased. The presence developing space links between the 
manifested very interesting type settling out. Initially 
there settling out all minutes), but then very sudden and 
rapid onset settling out commences. 


Gelatinization never observed with precipitates prepared Method 
indicates that the surface forces the particles this type 
precipitate are saturated, e.g. obtained this method, did not 
smear glass and was 


Finally Table gives the values the final settled out layer 
for total leyer after mixing. Ali the results are for 


No. Precipitates 
precipitates 


NOTE. Since this essentially cne precipitate, then 
the mechanism intercrystalline entrapment acts. 


Results for precipitates for which the final 
settling layer attained 10-15 minutes less 
ere given square brackets; the dotted square 

brackets results are given for precipitates, 
which settling out finished minutes. 


the fact that the precipitates are 
Packing precipitates may effected 

use Method precipitation with the 
addition coagulant and especially the homogenous 
precipitation method. the last case packing the 
precipitate was the same for the remaining three 
condition estimated X-ray photographs. 


Time minutes 


confirmatory expt. hrs) 


For packing was equal for and inverse method 
addition, the precipitates and showed breaking from 
the OH-ion while for the precipitate obtained was denser complete 
agreement with its amphoteric character, 


bay 


Table 
0.95 0.15 0.1% 
= 
“ty 


TABLE 
and Method Preparing Precipitates 
Method Re- Method Nit- 
drop jout meth- 
ours jing 


1.5 


For addition. 


The best settling out was observed for for 7-hour addition tine 
Method end Method with heating. 


interesting that layer less than 0.6-0.7 was not for 
any precipitate (10% the solution). 


conclusion necessary emphasize once again that the measurement 
such the filtration coefficient, the settling velocity, 


and thickness the final settled layer gives very important and useful results 


intend take this into. account during further investigations, which 
will possible compare more than four precipitates. 
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.begin partly loose their independent significance, the other hand the 


COMPLEX COMPOUNDS AND THEIR APPLICATION ANALYTICAL 


Ryabchikov 


For some past connection with increasing attention control, 
particularly new processes, the scope investigations anelytical 
chemistry has not only widened, but the character the investigations themselves 
has changed. This reflected attempts depart from empirical and 
empirical analytical methods and work out which are based 
the basic principles inorganic and physical chemistry. 


analytical chemistry the very, attractive tneory exists that 
find ways independently determining chemical elements the presence 
others. The new problem determining and controlling called traces and 
mixtures the background excess the main elements 


development methods for isolation, separation and many 
rare and widely scattered elements has become independent 


Progress analytical chemistry degree develops along 
the path the widest use enalytical such instrumental methods 
analysis the electroanalytical, spectro- 
graphic, X-ray, mass spectrographic, chromatographic, luminescent, and radio- 


The use instruments analytical chemistry does not lessen, but fact 
increases the tempo investigation chemical reaction solutions. 


under these conditions the classical methods of. analytical chemistry 


accumulation vast amount experiments the relation the chemical 
affinity analytical. processes constitutes basis for the instrumental 
methods, the successful use which often depends the extent the identifi- 


solve new problems analytical chemistry both here and abroad 
more and more investigations are being carried out the discovery and use 
special organic compounds for use precipitants, pigments and indicators. 

Many organic reagents are already firmly established practical analysis because 
the high intensity the colors the compounds formed and the low 
the precipitates. 


The problems analytical chemistry which are practical importance can 
successfully solved more fundamental approach the chemical side 
analytical processes more use the structure molecules 
created the analyst. 


Nevertheless analytical chemistry there still definite neglect the 
chemical side processes, particularly the more complicated cases connected 
with formation. If, rule, all analytical processes the valency 
state takeh into account, the coordination number the 
read the Conference Classical Methods Chemical Analysis, 
Moscow November 14-17, 1951. 
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ility elements still renain unknown, and deliberate control 
the affinity analytical process inpossible without knowledge 
the coordination the the ionic radii anu charges, 
and the capacity indivicual groups and for forma- 
tion. 

Platinum and lesser degree some the elements the same group, 
the only metal whose stereochemistry has been more less studied 
The complex compounds the majority the other elements have either been 
studied unsystematically and superficially have not been studied all. 
gold still little known, say nothing many rare and scattered elements. 
The physical chemistry even known compounds even more 
unsatisfactory state. There are conclusive experimental results the 
instability many complex compounds importance analytical chemistry, 
solution relation and other factors. values the 
instability constants complex different elements are less 
necessary for analytical chemistry today than the solubility product values. 
Thernal stability, decomposition potential, the phenomena oxidation and 
reduction complex and others have still not found wide application 
chemistry. 


that the formaticn complex compounds very widely used 


From the time the discovery Ilinsky the reaction with 
Chugaev [2], inner complex compounds have been widely used practical analytical 
chemistry. rubeanic acid, thiourea, diphenyl- 
and many other organic reagents, specially synthesized for enalytical 
purposes, often teen applied colcrimetry for preparing colored complexes 
and for the precipitation the elements. 


Information inner complex compounds interest analytical chemistry 
given book [3]. Kuznetsov [4] has carried cut systematic 
stucy this field. 


must noted that the study the reactions organic reagents, 
unfortunately stili predominantly qualitative nature. often not 
know even the the reacticn products and the chemical affinity 


compounds are special interest for analytical chemistry and 
some complexes analytical chemistry. 


great importance practice phenomena such the so- 
called whereby with the help complex forming interference 
from similar elements can the determinetion rhodium 
platinum-rhodium alloys (contact, thermopar) exceptionally difficult. has 
been shown that both behave towards sulfites [5]. after 
Gissolving equa regia, aqueous solution the form which 
addition the mixture the sulfite reacts only with forming 
completely colorless complex sulfite compound the composition 

remains unchanged and can determined from the characteristic the 


number rare earth elements and separated from Fe, the 
addition the solution which being analyzed. forms stable 
complex the composition while the rare earths and are 


precipitated fluorides, 


ions are bound into stable complex the addition 
tartrate, phosphate, pyrophosphate etc.,to form anions the composition 
detected solutions containing such complex compounds even with the most 
sensitive 


can transformed into very stable citrate complex the composition 


avoid interference from Fe, Ni, the determination 
ruteanic acid, citric acid edded [7]. The interfering metals are 
combined into very stable complex anions the composition 
while these conditions reduced the univalent state and yields 
soluble 


the separation heavy metals, bivalent can addition 
thiosulfate. The univalent thus formed gives 
compound the composition [8]. 


During the separation from solution means hydroxyquinoline 
the presence tartaric acid and are first edded order 
combine with form complex anion [9] which stable 
media, 


For elements which are similar each other properties, 
the differences the stability complexes the kind may used 
for separating them greater extent than done present. 
possible vary the stability the complex compounds within wide 
rule, the coordination links the central atom with the residues can 
weakened particularly the latter are weak HCl and 
acid are suitable for acidification, because their anions form complexes 
with the metal 


the other hand alkalization sometimes strongly consolidates the 
Very indicative this connection are the complex citrates the rare earth 
composition which acid solutions dissociate 
practicaliy completely according the equation 

the addition initially the neutral solution the citrate 
complexes are strengthened such extent, that the ions the rare earth 
cannot precipitated oxalate fluoride ions 


the complex anion its inner sphere 
increases. The simple ions Fe“ thus formed then react wit 
ferrocyanide give blue colored 


ions. These elements yield complex compounds with which appreciably 
stability. The instability coefficients very small and 


the colorimetric determination with nitroso-R-salt, the elimination 
interference from number heavy metals (Fe, Ni, Cu, etc.) vital 
importance, since some then give colored complexes similar (viz Fe, 
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while and are However, because the difference 
stability the complex compounds formed, acidification with 
the colored compound with nitroso-R- salt persists 


Fe, and Cu, the latter are removed boiling with excess sodium 
remains solution the form stable acetate complex 
The acetate complexes Fe, decompose with separation 


method separating the form the difficultly soluble compound 
based the different stabilities the cyanide complex 
compounds and acid solution, remains solution 
the form the simple cation [13]. 


For the same reason during electrolysis solutions the cyanide 
complexes and Ni, only the latter yields black precipitate 
the 


and with excessthiourea form red and blue colored complexes 
ciethyldithiophosphoric acid added the thiourea complex 
these elements; the less stable complex decomposed. present, 

then the solution will cclored the rose red color the thiourea complex 
[45]. 


always turns the colorimetric determination these 
elements give colored complexes with the probable composition 
and acidification, only the complex 
remains tecause its greater stability [15]. this case the choice acid 
very important, will not only change the acidity the but excess 
ions sufficiently strong act coordination substitutes and 
the composition the thiocyanate complex Mo. 


this connection observed the enalyst often has deal 
with complex solutions which different anions exist together with metallic 
cations. Under such conditions complex formation the solution must 
considered. Different acid radicals and neutral molecules show different 
tencencies complex formation metal ions. The following empirical 
series was found for bivalent [16, 


this series tendency complex formation decreases from left right. 
forms complexes with the most reactive these coordination 


substituents solution. Similar series could established for the ions 
other metals. 


Many soluble complex compounds give crystals very characteristic 
form, which are suitable for identification the elements. book 
fairly large number such examples are given. 


The complex chromooxalate forms characteristic 
precipitates the form green rhomboids the microscope, with the 
first the rare earth group, the composition 
interfere. 


detecting successfully the thiourea complex used 
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the presence very characteristic crystalline 
precipitate composition Separates out instantly, Other 
anions not interfere, because they form 
different form and composition, such and 


The difficultly complex compounds could far 
greater significance gravimetric analysis. the majority ceses the 
precipitates formed not trap impurities, which 
characteristic property bulky 


The classical method determining means sodium chloroplatinite 
based the fact that the solubility the complexes 
where Na, Rb, decreases rapidly with the increasing 
atomic the cation. Such regularities are found other cases, 
Thus acid gives crystalline, soluble 
precipitates with salts and particularly Cs. 


The solubility complexes the type essentially changes 


from Cs. 


precipitates are formed which differ solubility, are similar the 
onstitution the auter sphere and the type the mixed 
type 
Substitution the outer sphere the cyenide Fe, 
and for heavy metal ionsleads formation difficultly 


irt«rest the systematic stucy the formation 


and others with the chlorate redical give 


which the solubility decreases with complexity the hydrocarbon the 

Practically can prepared ccmbining complex 

caticns ani anions, e.g. green salt 


the interaction entipyrine pyramidone with ions many the 
heavy metals, com lex cations are formed the general composition 
with high molecular weights. 


analytical chemistry. 


Be, Mg, Al, and Sc, precipitate only the complex fluoride 
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The slightly stable complex univalent Cu, forms 


The formation the type 
with very high molecular weight the action phenyldimethylpyrazolone 


attention 


Practically insoluble complex compounds can obtained many cases 
substitution the outer spheres organic cations the ammonia type, e.g. 
pyridine (PyH*), quinoline antipyrine (AntH*), etc. Such complexes are 
Gusev used many compounds similar type for 
analytical purposes [27]. 
Complex compounds the non-electrolyte type are special interest 
analytical chemistry. Such compounds are easily formed metals the 
particularly and platinum diammine dichloride 
[28], [Pt and are 
also very slightly soluble [29]. 


Similer practically insoluble crystalline compounds can 
and 
cen from precipitating the with excess thiourea 
give crystalline compound which practically irsoluble and has the 
probeble composition remains solution the form 


From solution containing and Ni, pyridine precipitates the form 


The complex compound Hg, reacts differently with pyridine and 
ion, forming soluble complexes. the first case the 
compound formed and the second The compound 


cooling separates out the unchanged form again. 


Complex compounds are exceptional importance chromatographic analysis. 


The synthetic resins (SBS, Espatite-1, KU-2, Amberlite, Dowex, Wofatit, etc.) 
are products the polymerization styrene, and the condensation products 
phenol and formaldehyde and their derivatives. result special treatment 
active groups are introduced into their R-COOH, R-OH 
the nucleus side chain. Since the active groups are connected with the 
skeleton the resin, they cannot transfer into solution. Only the ion 
cations which have replaced retain their mobility this sense 
phase the resin represents strongly dissociated acid its salt. 


The general reaction ion exchange can expressed the equation: 
where Ca, Mg, Al, Fe. 


Ion exchange reactions can considered heterogeneous between 
active groups the resin gel phase and the external phase the 
which proceed according the law mass 


the analysis natural materials and different alloys, the can 
reduced choice suitable complex compound former which can form 
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complex anion with one the determined, The separation 
and and based the fact that ions being good complex 

formers with many radicals can form complex solutions, 
exists while and the simple hydrated cations 

cation exchange resin (cationite) the hydrogen forn, 

and are retained the active groups the resin; while the complex 
passes through the column unchanged, 


The chromatographic separation and more complicated 
Both these metals are gocd complex formers. Therefore, HCl solution both 
metals are present the form ions and 
nevertheless separation can still effected. the analysis bronze 
ligature, sodium was chosen this reacts with and 
form anions tne composition and The 
compiex considerably less stable and treatment with NHg solution 
converted into the complex cation When the mixture thus treated 
passed through column containing cationite the complex completely 
separated from and passes through the column the form the complex anion, 
while the complex cation retained the active group the resin. 


mixture Fe, and can successfully seperated the use the 
unequal stability their citrate complexes. eddition only and 
this case forms the complex cation When the solution 
through cationite tke and pass through into the filtrate. The 
the through the cationite column leads separation from Al. 


The ore slime consicerably simplified since separation 
from the original sclution the excess the noble metals appear complex 
anions, and while the other, non-noble metals,will 
solution the group metals, the form simple cation 
completely retained cationite while the other this group. 
into tne filtrate the form complex ions. 


The chromatographic euch closely releted pairs elements 
and can effected oxidation the trivalent state whereby 
converted into stable anion while for acidity the solution 


possible separate elements which resemble each other very closely chemical 
properties, such the alkaline earths rare earth elements the latter 
case the metals which are retained the upper part the column are washed 
with solution complex formers definite pH. The problem separation 
this case reduces the range acidity the solution produced 
organic (citric, tartaric, oxalic, which difference can 
detected the instability constants the complexes the pairs elements 


element with the most stable ccmplex anion moves fastest into the filtrate. 
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Hitherto mention has been made only few separations analytical 


mixtures effected means cation exchange. some cases anion exchange 


resins can used for this purpose, but owing their lower. 
acid and alkalis, this form synthetic resin not quite 
suitable for analytical purposes the 


great importance analytical chemistry that the component parts 
the complex (the nucleus and the groups) suffer essential changes 
result complex formation. useful consider few examples. 


The dioxime forming part dioxime easily products 
complete combustion, while dioxime its own oxidized only 
compounds [36]. 


Oxalic acid titrates with HCl solution only very slowly and 
The oxalate groups and bioxalate are just 
easily oxidized with 


acid even high temperatures cannot oxidized 
easily free acid [38]. 


Many metallic ions which are components complex ions ere oxidized 


Weak boric acid the presence certain organic compounds can 
titrated with phenophthelein unibasic acid 


acid does not exist the free state, and thiosulfates 
acid media. Coordinately bound thiosulfate radicals are 
stable towards acid, and the complex acid compesition 


During the formetion complex ccmpounds the oxidation-reduction 
the system change considerably, consideration for analytical 


The value the potential ccmplex oxidation-reduction system 
the relations the concentration ions oxidizer and 
recucer bound the complex form. The concentration single ions 
its turn determined the instebility constants the compound 


Thus for the systems decrease the 
potential observed for the most reactive complex forming 


For the system when phosphoric acid, ammonium fluoride 
are used complex formers, possible get solutions with potential 
values the range 621 0.279 


The constituents complex compounds are susceptible series cases 
successive oxidation. Thus the compounds the 
complex cation and anion oxidized separately, and expressed the 
potentiometric titration curve two steps for different potential values [42]. 
the Pt-bioxalate composition the bioxalate group and 
the are titrable definite first the and then the 
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xidation with bromate the following order observed, step), 


The examples quoted here means exhaust all the multitude 
possibilities applying complex compounds analytical chemistry. 


conclusion would like express the hope that there will 
considerable expansion the number investigations the application 
complex compounds analytical chemistry. 
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THIOURFA COMPLEXES LOW AND THEIR APPLICATION 


(Ivanovsky Institute Chemical Technology) 


Complex compounds with thiourea have attracted the attention many 
investigetors for long time. After the first synthesis thiourea complexes 
which were rather haphazard nature, the classical investigations 
appeared. Kurnakov,who synthesized new complex 
compounds with thiouree, proved their and compared the thiourea: com- 
with other compounds ard finally turned his attention the 
fact that complexes are formed with metals which are precipitated 
media 


Thiourea complexes were further studied Chugaev [7,8], Lebedinsky [9,10], 
Rosenheim and Meyer [6], Mahr and Ohle [11] and the course these 
the order the changes stability thiourea complexes vas 
established and number practically insoluble salts, consisting complex 
cations and large anions were isolated 


Chugsev was the first use thiourea for purposes (for 
Os); further Mahr and Ohle [11] worked out number analytical 
methods based tke use 


Thiourea gives complex corpounds with cations which possess clearly 

defined tendency form covalent bonds, and are characterized large values 

the difference between ionization and the heet hydration [13]. 
Large complex cations the type formed according equation (1) 
should precipitated large anions [12,13] (e.g. 
picrate, etc.). 


separate saturated solutions potassium picrate, ammonium 
salt) and ammonium 
cobaltite salt) were added respectively. (The volume solution taken 
plex cations with thiourea solution, were precipitated the large anions. 


The crystal form the precipitates was studied well the sensitivity 
the reactions drops volume ml. All the reactions were 
carried out neutral weakly acid solution, since precipitates the sulfides 
the respective metals are usually precipitated alkaline media. 
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new compounds isolated were chemically analyzed and are described 
COMPLEX BISMUTH SALTS 


complex compound formed. When solution salt added this 
crystals characteristic form are precipitated (Fig. 


The salt corresponds the formula 
Concentration limit Limit identification 0.17 


28.20; 28.27; 28.33; 28.42. 


The action salt the solution the bismuth complex does 
not yield precipitate. The picrate ion and salt both precipitate 
basic salts the absence thiourea (from concentrated solution). 


COMPLEX MERCURY SALTS 


From salts Reinecke's salt separates intensely colored 
precipitetes, which are practically insoluble water and not change 
solution and thiourea, characteristic crystals the difficultly 


Concentration limit limit identification 0.086 pg. 


Calculated 
20.88; 


CCMPLEX CADMIUM SALTS 


salts react with thicurea form fairly stable ion, 
which precipitated picrate and Reinecke's salt. The addition 
salt not containing halides, does not lead the formation 


The sensitivity the reaction formation the 


Concentration limit 1:91000; limit 0.033 


The formation reaction the ccrresponding complex with salt 


sensitive. Concentration limit limit 0.022 


The compound was described Mshr and Ohle 
analysis got different results, the composition being better 
represented the formula although some 
preparations the contert the thiourea lower. possible that such 


cese mixture complexes with different numbers coordinated 
thiourea groups. 
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COMPLEX LEAD SALTS 


Picrate precipitates comparatively soluble salt the 
composition from solutions containing complex ions 
The pale yellow crystals formed have the form shown 
Fig. 53 


Concentration limit 133200; limit identification 1.43 Analysis 
the salt gave the following 


Calculated (4) Found 
21.03. 


which does not change significantly the addition thiourea, Addition 


COMPLEX TEALLIUM SALTS 


thiourea and then picrate are that order solution 


The sensitivity the reaction given the following results 
Concentration limit limit identification 0.035 pg. 


The precipitate obtained was not 


the thiourea compound. 


SILVER COMPLEX SALTS 


ions fora very stable complex ions with thiourea the composition 
excess thicurea, characteristic crystalline formed (Fig. 


This reacticn one the most sensitive known reactions; 
this case the concentration limit and the limit identification 
0.0027 pg. not interfere. The composition the precipitate 


corresponds the formula: the analytical results 
show, 


31.14; 30.85. 


The complex ions are salt, 
forming characteristic crystals (Fig. 8). 


The sensitivity this reaction considerably lower than the reaction 
with the picrate. 


Concentration 1:9300; limit identification The 
precipitate ootained dissolves excess thiourea and behaves similarly 


case complex ions are formed solution with higher coordination number. 


The reaction considered specific for Ag, only interferes. Result 


See Plate, page 79. 
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Calculated Found 
28.473 


which does not change addition thiourea. 


COMPLEX COPPER SALTS 


Salts bivalent are reduced thiourea thiourea complexes 
Cu. Picrates separate solutions these complexes, 


characteristic crystals (Fig. 


Concentration limit limit identification 0,069 The 
formula this salt was confirmed 


Calculated Found 
43.88; 


salt does not precipitate thiourea complexes salts (I) 
the salts form amorphous precipitate with salt. 


few results are compared the following table. 
The precipitetion the thiourea complexes metals large anions 


Thiourea Linits identification for anion action 

picrate 

with ions chromite, cobaltite, 


not studied 0.17 ppt. 


the formation thiourea complex cations and their precipita- 
tion large used for the detection cations which have 
tendency form stable bonds. the triple charge ions 
possible detect only this this characterized the largest 


value the covalent characteristic 290). Only complexes with covalent 
characteristics greater than 150 are precipitated from solutions double 
charged ions, containing excess thiourea, large anions. The ion 


with 136 kcal; although forms complex compounds with thiourea aqueous 
solution, these complexes are not precipitated large anions, apparently 
the result lack stability the complexes. 


All unicharged ions having electrons the outer orbit have 
high values for the covalent characteristic and can found the form 
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SUMMARY 


New, practically compiex compounds thiourea with 
anions the outer spheres have been 


‘The compounds prepared have characteristic crystalline The 


Ag’, Tl” The sensitivity these 


anions reaction typical for cations with large covalency 
characteristic [13]. 


Received May 15, 1950. 
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THE APPLICATION MATHEMATICAL METHODS FOR EVALUATING THE 
RESULTS 


Gracheva 


The increased demands our country’s industry for high grade analyses 
the mathematical methods used analysts for 
evaluating the errors their results. number the 
calculation the magnitude the permissible variation between the results 
paraliel batches standard analysis, the approximate evaluation the 
errors shouid repiaced exact order achieve this 
recommenied that the methods contemporary mathematical statistics 
used, 


The methods mathematical treatment can applied only 
errors are random character, i.e. the errors are distributed aiong 
Gaussian The methods are based the application new methods from 
the theory errors developed Romanovsky [1]. The advantage this 
method compared with methods that gives more accurate results 
the evaluaton small number These methods enable 
systematic errors (the absence which the the 
analytical method employed) exposed, establishing the reality 
the deviations between results obtained different enalytical methods, and 
discarding results which are distorted coarse errors. 


Since have not decided the final choice terms which reflect the 
effect different kinds errors results obtained any method, any 
subsequent use the term for the characterization the 


THE QUANTITATIVE. EVALUATION THE PRECISION METHOD 


The precision method from replicate analyses one 
and the same materia] and the root mean square value the 
rror one single determination, calculated according the formulas 


the analyses. 


(1) 


For characterization the precision method more ccnvenient 
the root mean square value i.e. the form 


report read the Conference Methods Chemical Analyses 
held Moscow, 14-17, 1951. 

The choice this term instead the more often used 
-based the fact that metrology and the mathematical theory errors 
applied the same errors, random errors. 
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many case3 necessary indicate the limits for change the 
magnitude the error single e.g. for evaluation the 
variation between results obtained one method. such case the 

the limits will connected with the probability finding errors 
these limits, (This probability often called the and 
designated a). Thus from the classical theory probability, known 
that the randcm error measurement can greater than the root mean 
square value 32% all cases (which corresponds confidence 
greeter than all cases 0.95) and greater than only 0.3% 
0.99). 


The possibility applying the classical methods calculating errors 
excluded for errors. The methods contemporary methematical 
statistics specially developed for small number observations must used 
instead. 


The valve the smallest error single ovservation this case 
expressed the where the not only the confidence 
also the number experiments (n). 


Tables are {1,2,3] which the numerical values for 
from 0.1 0.999 and from infinity are given. 


For the seme value the magnitude decreases with increase 


From this follows thet the width the interval for all 

values the error single observation (for definite confidence) can 
eveluated the greater the number results used for calcu- 
lating the root mean square This also holds for the accuracy the 
determination itself, and should borne mind selecting the number 
results for characterizat ion the precision method. The table 
for the relative errors (q) the root mean Square error (S) given 
Romanovsky [1], shows that for 


Thus the accuracy itself obtained from results amounts 
only ca. 100% for 0.95. 


II. EVALUATION ANALYTICAL RESULTS AND CALCULATION THE 
RESULTS WEEN GREAT PRECISION REQUIRED. 


The mean obtained from the results x,, 
all the analyses carried out can serve result, with indication 

the value the error calculated for definite confidence neces- 
sary indicate the number analyses and the value the confidence used 
order the error. (Elimination results which are obviously 


Spurious from series observations car only carried cut the method 
given below.) 


The answer given the 
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where the root mean square error 


the factor depending the number analyses and the confi- 
dence 0.95 0.99 found from tables. 


for the analyses method employed the precision which has 
been determined i.e. the value known, then 
carry out order get result with permissible error. Let the pre- 


e.g. required determine the content any element test 
with error not greater than then from the formula given above follows 


Taking the value from the tables [1], find: 


— 


follows that very difficult practice get error with 
sufficient confidence, which exceeds the precision the 


III. COMPARISON TWO RESULTS AND THE ELIMINATION RESULTS WHICH 
ARE SPURIOUS FROM SET OBSERVATIONS. 


Comparison two results fcr one and the same 
test different analysts different laboratories different methods. 
assume that one series analyses were carried out and the average value 
ootained another series analyses were performed and the mean 
tained 


required explain whether the deviation between the the 
2series the consequence random errors which are related the accuracy 
the methods, the results the two series are essentially different, 
i.e. one the methods least the error systematic. 


The answer obtained from the following 
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and are the root mean square errors from the two The numerical 


value for chosen confidence found from the tables for [1] 


after substitution formula (4) the values 82, appears 
that the value greater than equal the tabular value for 
given values, and follows that the deviation between 
comparable values not random and they must considered essentially 


Elimination results obviously spurious can carried out 


the given above (4). 
Let there results: 


The whether true result not, and whether 
results which not include the doubtful result the arithmetic mean 
and the root mean square are calculated for the results. 


The velues found are substituted formula which 


From which that difficult practice get error 
exceeding the precision the method The same procedure above 
adopted with the result obtained after substitution the formula. 
the deviation between and not random, then the result can 
eliminated the series observations since spurious. 


intend include examples the application the methods given 
above for the evaluation numerical data obtained chemical analysts 
future article. 


the literature cited above numerous are given, chiefly from 
technical subjects. 


SUMMARY 


necessary use the new statistics. 


The evaluation the precision analytical method 


indicetion the number analyses from which this value was calculated. 


evaluated for >0.95 according the root meen square with 
indication the number replicate experiments. 


For small number results the error calculated the new statistics 


alweys greater than that calculated from the classical methods. 


Systematic errors can detected only comparison results 
obteined different analytical methods, for conditions where the errors 
results the precision the methods used are known. 


criterion given for elimination obviously results. 
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MICROCRYSTALLOSCOPIC REACTIONS FOR NITRATES AND NITRITES 
Gorky Institute Labor Hygiene 
few reactions for nitrates and nitrites are 
the literature, Solutions nitron and berberine sulfate 
acetic form crystalline precipitates with solutions nitrates and 


nitrites. These reactions are sensitive (limits from 0.005 
0.4 but nct specific. order increase the specificity 

the reaction for nitrite carried out gas cell. The 

precipitate when solutions nitrites are mixed 

with acetic acid solutions the acetates and also used, but 

the reaction though low sensitivity [1]. 


During the study the enalytical properties certain 
compounds the aromatic and heterccyclic series, worked out several 
microcrystalloscopic reactions for nitrates and nitrites. 


with mercury organic found orly reference the 
some precipitates which are formed during the 


enabled apply some mercury organic compounds for the microcrystalloscopic 
reactions for anions. 
REACTIONS FOR NITRATES 
The reagent which, used was.a saturated solution 
the literature [3]; with aqueous nitrate forms characteristic 
sharply profiled rosettes crystals, the prisms had sizes 


The settles out from dilute solution rubbing with glass rod 
(Fig. 1).2 


Limit identificaticn 0.3 
Concentration limit 1:7000. 


The pleocroism crystals 1,4-aminophenylmercuriacetate intense 
(yellow, red); the extinction angle the prisms Ions Br, 
action. end also form characteristic crystalline precipitates; 
fine transparent rosettes, large rosettes serrated laminas. 


the presence nitrites the was performed follows: 1-2 
drops the test solution added drop saturated solution 
better nitraniline, and the mixture acidified with drop 10% acetic 
acid. addition drop the solution thus drop the 
phenylmercurinitrate after 5-7 minutes. amount equivalent 
times that ions (for 0.8 does not interfere. 
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Nitrates can detected solutions containing other ions after these 
ions have been removed. 1-2 solution drop aqueous 

solution lead acetate (for removal S?-, respectively 

are added. The solution then centrifuged and drop reagent added 

the transparent centrifugate. The formation crystals 

fons (2-3 ug) the presence tenfold excess interfering after their 

the method just described. Crystals the reagent and 4-amino- 

differ appreciably from each other. The crystals 

reagent which settle out when drop dries out consist colorless parallellograms 

and rhombic prisms (Fig. The pleochroism reagent crystals intense 

(yellow, red, green); the extinction angle for the 


Reactions for Nitrites 


Eight the mercury organic compounds which examined form 
precipitates with nitrites viz: 1,4-aminophenylmercuriacetate 


Some these either did not form crystalline compounds with 
Soluticrs nitrites when gas was used gave insensitive reactions 
makes their application reagents for nitrites Detection 
nitrites can carried out gas cell with 1,4-aminophenylmercuriacetate; 
Acetic acid solutions 1,4-methylemino-and 
form precipitates nitrosamines with nitrites [2], equeous and acetic 
acid quinolinemercuriacetate forme precipitate the corresponding 
nitrite. does not give precipitate 
with solutions nitrites when the reaction out gas cell, tut 
the separated out from its acid solution oxidized then presence 
cau established the reaction for nitrates. 


Table results are given which characterize the crystalline precipitates: 
which formed when these reagents react with nitrite solutions (in gas ceil). 


These reactions were carried out follows; drop the test solution 
wes pleced the bottom the gas cell and acidified with drop 10% acetic 
acid. The cell was covered with glass plate the lower surface which 
vols saturated aqueous solution 1,4-aminophenylmercuriacetate and vol. 
The NOo liberated from the drop was oxidized the After 
2-5 minutes the drop the upper the cell was combined with drop the 
therefore, they must removed beforehand interferes 
because the formation free according the reaction: 


See Plate, page 79. 
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Table 


Characteristics Crystalline Precipitates 


phenylmercuri- mercuriacetate acetate 
acetate 


Solvent acetic acid acetic acid Water 

Color, form Colorless, pale Pale yellow plates Colorless 

crystalline ppt. yellow plates, and rosettes rods, 
rosettes, needles rosettes 

Limit 0.6 1.6 

identification 

Max. crystal 250 200 300 

size 

Pleocroism ppt. Weak (yellow) Weak (yellow) Intense (yellow, 

crystals red, green) 

Extinction angle 4o° 


ae 


Limiting ratios when reaction occurs ges cell 


acetate (obtained according 6-8% acetic acid, form crystaliine 
precipitates the respective with nitrites acetic ecid 
ina drop the reagent placed the lower side the cover slide 
the gas cell, 5-12 minutes after the acidification the test solution. The 
crystals appear faster, the smaller the drop (Fig. the 
with 1,4-methylaminophenylmercuriacetate, with 1,4-ethylamino- 

particularly dilute solutions nitrites, the reaction proceeds better, 
3-4 minutes after acidification the test solution, the cover 
the gas cell removed. The formation crystals can then cbserved 
minutes after removal the glass. saturated solution 
aminophenyinercuriacetate also forms crystalline precipitates with nitrite 
Slow when gas cell used. Interfering ions CNS, 
must removed the method described above. 


The limiting ratios for the reactions with 
acetate gas cell are follows: 


The limiting ratios for reactions with 
are half 


See Plate, page 79. 


4, 
ce 
= 
4 
ig 
° 
| 
¥ q 
—- 
} 
- 
q 
we, 


saturated aqueous solution quinolinemercuriacetate 155°) 
rapidly forms crystalline precipitate quinolinemercurinitrite (Fig.5) 
with nitrites gas cell). Under the same conditions but with acetic 
acid solution the reagent, the formation crystalline precipitate 
considerably slower. aqueous solution, without gas cell the sensitivity 
The limiting ratios for reactions gas cell are the same 
for the reactions with 


The crystais reagents which settle out the drying drop differ 
appreciably from the crystals the reaction products mercury organic 
compounds with nitrites. Results are given Table which characterize the 
1,4-methylamino-and and quino- 
which form the drying out drops containing 


should noted that drops the reagent solution dry out slowly 
cell and crystals can observed only after 
10-12 hours. 


Characteristics Reegent Crystals 


mercuriacetate 


thylamino- 
phenylmercuri- 
acetate 


Quinolinemercuri- 
acetate 


Colorless clusters Colorless clusters 
plates rods plates 


reagent fine needles and 
plates 


Weak (yellow) 


Weak (yellow, red, 
green). 


the reagent 
crystals 


Weak (yellow) 


Extinction 15-17° 


crystals 


90° 


SUMMARY 


reaction for nitrates with 1,4-aminophenyl- 
mercuriacetate proposed. Some crystallo-optic constants crystals 
are adduced. The limit identification 
This cen used for detecting nitrites means gas 
cell, efter oxidation the separating out acid solution NOs. 


Three reagents are proposed for the microcrystalloscopic identification 
nitrites, namely, 1,4-methylamino- and 1,4-ethylaminophenylmercuriacetates 
constants are given for the 
respective nitrosamines and for quinoline mercurinitrite. The limits 
identification when the reactions are carried out gas cell are 0.61. 


_Ions which interfere with the reactions for the nitrates and nitrites 
whereby the effect excess ions can reduced. 
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NEW AZO-INDICATORS THE METHYL ORANGE SERIES, AND THE RELATION 
BETWEEN THE STRUCTURE AND CHANGES 


Institute Chemical Reagents, Moscow 


time when intensive search being carried out for new organic 
reagents for the detection different metallic and new methods for 
developing such researches are being worked out, due attention still not 
given research for indicators for ions, Meanwhile 


demand for new pH-indicators, for strong acid solutions 
becoming urgent. 


pH-Indicatcrs different structures possess unequal value practice. 
Recently attention was given one factor, which little significance has 
been attached hitherto, the molecule pH-indicator contains 
even only two salt complex forming and these are disposed such 
manner that they can form cyclic salts with metal ions, then such pH- 
indicator can under suitable conditions give color reactions with metals, which 
are quite even very solutions. The colors that develop 
such case distort the color the pH-indicator and lead very 
substantial effect special [1]. Some pH-indicators tend 
addition give colored “solid [2], which also makes the 
indicators unsuitable the presence elements. 


These errors are not characteristic azo-indicators which contain amino 
groups the para position with respect the azo-group, e.g. the 
acid (methyl orange). 


The present investigation devoted search for new among the 
substituted acids. 


There are some references the study the relation between structure 
and change for azo-indicators the Literature, e.g. Thiel [6], Blu 
and Glockner [8]. 


these investigations the values the are with the 
and values the given for which the indicators the form 
Unfortunately the conclusions these investigations not give sufficiently 
clear picture serve basis for search for new pH-indicators the 
given value changes. 


The overall picture follows. The introduction positive 
increases the value somewhat, while the introduction 
negative substituents decreases the pX. But the extent 
the the interval between extreme values only 0.5 


Mice. 


ee e 


inp 


research series substituted p-dimethylaminoazobenzenes showed 


that this case the effects positive and negative substituents, general 


are similar and rather small their absolute values 


(Table 1). 


Nevertheless 


observed that strongly acid salt forming groups not decrease 
but actually increase 


Table 


The Effect Substituents for Azo-indicators the p-Dimethylaminoazo- 


No. 


benzene Series 


the group small. 


50% 
alcohol 


1.98 


1.72 


2.10 


Magnitude 

displace- 
ment 
units com- 
pared with 


+0.08 


+0.18 


Thus for this series pH-indicators the displacement 
erising from the effect positive and negative substituents the para position 


Greater displacements can achieved when other factors 
considered, 


The change color aminoazo compounds going from alkaline 
media connected with salt forming azo groups (formation “azo salts"), 
Several representing the azo-salts formed acid solutions have 
been proposed and many hypotheses exist regarding their structure, e.g. 
and Vitsinger consider compounds containing coordinatively 
unsaturated nitrogen, and represent their structure follows 


proposes the following structures 


(Ac acid radical) 


Whichever method may used for depicting the structure azosalts, 
clear that order facilitate the formation azo-salt, the 
must opened up, while none the which are spatially 
near the azo-group should impede the approach the prcton the 
gen the 

this point view, the presence sutstituents near the azo-group 
should impede salt therefcre leed decrease the value 
pK. 

Experiment showed that this actually occurs. the introduction 
groups which sterically hinder selt formaticn the azo-group the value 
siderably greater than that which results from the introduction the nega- 
tive substituents mentioned other positions the the 
azo-compound. Steric hindrance result most clearly 
manifested for the case indifferent since the influence 
other factors not superimposed their action. But substituents the 
ortho position the azo-group exert definite effect the 
nature the substituent. 

The relation mentioned above shown very clearly here. Salt-forming 
substituents the ortho position the azo-group, not decrease pK, 
contrast substituents, but the other hand increase it. 
possible that salt-forming substituents facilitate prcton donation the 
azo-group and therefore azo-salts are formed less-acid solutions. 

This method lowering considerable amount enables series 
new pH-indicators synthesized for low values. 

the present article shall describe new pH-indicators the 
methylorange New indicators the tropeoline series (diphenylam- 
mine acids) described G.N. 
Kosheleva her dissertetion are also very interesting. 


a 
? 
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TABLE 


Effect Substituents the Ortho Position the Group 


shift 
compared with No. 


No. Formula 


substituents 


SOsH 
+0.57 


New the Methylorenge ‘series; Acid solutions rose, neutral and 
yellow 


Cl. 


4 | . | 
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The deliberate use steric hindrance can serve guide for improving 
the selective action analytical reagents. shall discuss these 
special 


New the Methylorange Series 


The new indicators this series which are described differ from methyl 
orange. 


that they halogen atoms the positions indicated 


These indicators closely resemble methylorange externally. They are soluble 
water and form colors which are similar that methylorange, yellow 
neutral and alkaline media and rose 


stable colors, e.g. colors solutions iron and 
ccbalt proposed Kolthoff Taube [5], which are used for comparison 
with can therefore used for the new indicators. The vaiues 
ccurse different. 


These indicators also resemble methylorange that they are free from some 
salt errors which arise from the presence traces multivalent elements 
and also like methylorange they not easily tend give colored solid phase 
reactions [2] and therefore are suitable for all kinds incrganic analysis. 


The colors formed the new indicators are completely stable both 
line end acid solution and this connection possess definite advantage 
over some other indicators used for low values such methylviolet and mala- 
chite green, the colors which acid solution are quickly and 
tend give colored solid phase reactions with heavy anions, 
unsuitabie many cases. 


addition, the the new that methylorange, 
can necessary easily destroyed strong reducing and oxidizing agents 
(elemental Br, Cl, has.no effect the indicators. 


The values and the range changes for these indicators are given 
Table 


The new indicators cannot prepared direct bromination chlorination 
methylorange, but are easily synthesized the methods described below. 


Synthesis New pH-Indicators the Methylorange Series 


solution 4.5 o-chloroaniline-p-sulfonic acid the form its 
end ice. 2.6 dimethylaniline dil HCl (1:2) added the 
suspension diazonium salt obtained and the final mixture conc.solution 
Na-acetete added dropwise with stirring, till there further acid 
reaction Congo paper. 


The separates out 
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filtered off recrystallized from alcohol. The crystals are orange. 


.310 0.499 (753 mm, 21°) 

Found 11.07 


The diazonium suspension formed poured into solution 1.8 dimethylaniline 
alcohol. After hour standing the product which separates out 
filtered ana recrystallized first from H20 and then from alcohol. The crystals 
are yellcw-orange 


4.745 substance: 0.446 (756 mm, 22°) 
.670 substances 0.436 (757 mm, 22°) 

Calculated 10.93 


The suspension diazonium salt thus obtained gradually added with 

The acid-4 which sepa- 
rates out filtered and dried. The yield was and was 
from H20 and The crystals were color. 


SNa. Calculated 11.19 


are adced mixture conc. HCl end melting ice. The sus- 
pension diazonium salt thus obtained added gradually with stirring 
0.51 dimethylaniline alcohol. After hour's mixing the 
acid-4 which separates out 
filtered off. The product obtained was 1.9 After recrystallization 
from and then from alcohol, the crystals obtained were orange-yellow color. 
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4.830 substance; 0.404 (730 mm, 22°) 
5.250 substance; 0.442 (75% mm, 23°) 


Found 9.11, 9.35 


substituents the meta para position the azo group the molecule 


relatively insignificant displacement pK. 


considerably greater shift observed when indifferent substi- 
tuents -Br), giving rise steric hindrance are introduced into the ortho 


position relative the azo-group. 


The new indicators described are chloro- bromo-substituted methyl- 
orange; they are similar methylorange color, but are for nore 


The some new pH-indicators are described. 
Received July 31, 1951 
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Obituary 


MIKHAIL MAKSIMOVICH FAINBERG 


Maksimovich Fainberg, member the Comnission Analytical Chem- 
istry the USSR Academy Sciences, died the October 1951. His was 
untimely 


was one the foremost specialists the field gas analysis, 
the divisicns the Ministry Chemical Industry. 


His erudition and energy were manifested his all-round scientific 
ity. Apart from his main work, lectured automatics workers the Ural 
‘Ukreinian Stste Institute Applied Chemistry and the Institute Automatics 
and the USSR Acadeny Sciences, 


this 


His work the automatic control gained him wide popularity and 
his activity resulted the introduction new methods and 
ratus automatic control for cur industries. The majority his inven- 
tions are industry. 


Some his which are used industrially portable gas 
analyzer for determination fuel gas; apparatus for continuous analyses 
fuei gas; thermochemical gas anelyzer for automatic determination oxygen 
fuel and inert gas; electrochemical gas analyzer for automatic determination 


sulfur apparatus for automatic determination traces oxygen 


While maintaining close connection with industrial workers, Fainberg 
the same time paid considerable attention the popularization and clarifica- 


tion questions automatic control,and more than thirty papers 
the course his work. 


1943 Fainberg was awarded the degree Candidate Chemical Sciences. 


The fruitful scientific activity Fainberg was marked high Government 


1942 was awarded Stalin prize 1942 the Order the Red 
Banner Labor. 


the person Mikhail Maksimovich Fainberg the 
Chemistry the USSR Academy Sciences, which was active member, has 
suffered grievous loss. 
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INSTITUTE THE USSR ACADEMY SCIENCES,HELD MOSCOW THE 14-17TH 


Russia the birthplace new paths analytical chemistry, where both 
the classical methods chemical analysis and its theoretical bases have been 
developed. This indisputable fact deliberately belittled foreign scient- 
Some them indulge direct falsification the history chemistry 
our country deny the priority of. our scientists. 


The brilliant investigations Lomonosov laid the foundation 
chemical analysis just like those D.I.Mendeleev and A.M.Butlerov,who their 


RESOLUTIONS THE CONFERENCE CLASSICAL METHODS CHEMICAL ANALYSIS THE 

work created epoch the development world science, and strengthened the 


theoretical basis analytical chemistry, leading wide géneralization and 
application organic reagents chemical analysis (M.A.Ilinsky and 
the development physico-chemical analysis (N.S. Kurnakov); chromatographic 
analysis microcrystalline analysis (M.V.Lomonosov, T.E.Lovits); 
analysis (E.M.Fedorov); spot tests and special tests for metals 


and alloys (N.A.Tananaev), N.A.Menshutkin produced the first classical 


new era analytical chemistry developed after the October Revolution. 

the the Party, the Soviet Government and Comrade 
Stalin personelly, turbulent growth scientific investigation, factory and 
university chemical laboratories started. Reagert chemistry has become industry 
itself; general laboratory and precision apparatus are beirg produced and 
large numbers books and journals analytical chemistry are being published; 
conferences and meetings devoted this branch knowledge are regularly held; 
firm link has been established tetween theory and practice, while the develop- 
ment the theory and practice analytical chemistry has attracted large 
Soviet analysts actively participate the building Communism and 
help its constructions. 


Soviet analytical chemistry which develops the basis Marxist-Leninist 
methodology and endeavors bring contemporary methods bear the 
problems which face our Socialist constructions, hes attained important successes 
and occupies leading place world chemistry. 


The Classical Methods Analysis, convened the Commission 


the creation new paths. 
such paths created our fellow countrymen belong: the development and 


Analytical Chemistry the Geochem Institute Moscow was marked the 
intense activity the participants. Reports were read which reflect the dif- 
ferent the development contemporary analytical chemistry. Dele- 


gates from cities the USSR were present including those from Leningrad, 
Kiev, Saratov, Alma-Ata, Ivanov, Gorky, Kharkov, Lvov, etc. 


was noted the conference that Soviet chemical analysts have attained 
considerable success nurber fields, e.g. the application the physico- 
chemical analysis N.S.Kurnakov the solution analytical problems; the 
study equilibrium; the application ionic energetics; the develop- 
ment the theory the action organic reagents, their wide study and use 


ie 
> . 


inorganic the study oxidation-reduction processes, 


Particular attention was the question anomalous separation 
especially the phenomenon coprecipitation. 


Systematic studies are being carried out the study compounds 
and their application for developing new analytical methods, 


reactions connection with Mendeleev's periodic law should 


series successes has been attained working out new methods volu- 
metric and gravimetric enalyses and improving those already use, the devel- 
opment micro and semi-micro methods, and the application ion exchange 
the development and improvement electroanalytical methods, etc. 


New methods making weights have been worked out, particular the 
the inverse link method, 


the same time the conference made note number 


The most important are the following: insufficient further development 
new developments the field gravimetric, volumetric and electrical methods 
anelysis, the field work the separation elements extraction 
and absorption methods, precipitation organic reagents, particularly 
the use complex-compound formers which act selectively; the slow introduction 


new and other indicators; the lag adoption and use 


thecretical principles analytical chemistry developed Soviet 
scientists. The analysis organic materiels weakly developed. Little 
tention has been given working out the methods analysis mixtures 
and the elements different valencies when they occur together. 


The output weights for insufficient. The output 
semi-micro end weights insufficient satisfy the increasing demands 
scientific-investigational and factory 


The necessary amount general leboratory apparatus for semi-micro and 
micro enalysis not forthcoming; this hinders the development and introduction 
new analytical methods into laboratory practice. 


The decrease the nucber hours set apart educational 
for teaching analytical chemistry, lowers the general standard scientific 
training chemists. The training average analytical 


workers and preparators number branches industry completely 
isfactory. 


The low rate publication bocks different theoretical and practical. 
questions analytical chemistry and journals leads delay 


the work, including work connected with the priority Soviet 
scientists. 


The the work analysts and its application the great 
schemes Communism still weak. Work unification and standardization 
analysis has slowed down considerably and some 
stopped This leads considerable difference between the scient- 
ific-experimental level these methods and the contemporary possibilities 


analytical chemistry, and this reflected the state the control 
production. 


The conference regards necessary recommend the following 


continue strengthen the link between scientific workers analyt- 


ical chemistry with production, with special reference increasing the help 
the great constructions Communism, and coordinating the work different 
institutions this field. ask the Division Chemical Science the Aca- 
demy Sciences USSR consider this question and issue the necessary 


call regional conferences attract workers from factory laborator- 
order that new methods analysis can introduced into factory practice 
and generalize the experience Stakhanovite methods work. 


regard necessity strengthen the links between the Commission 
Analytical Chemistry with outlying districts participation the 
sion regional meetings and holding All Union meetings not only Moscow but 
other cities also. 

ask the bring about the scientific work 


analytical chemistry carried out different scientific institutions the 
Seviet Union. 


analysis, the conference deems necessary 


direct attention the development work the theory sol- 
utions and the solubility precipitates applied analytical 


and the expediency holding special meeting for discussicn these questions 


recommend further continuation and expansion theoretical work 
the directions indicated the present conference; the 
application methods analysis the study systems which 


are important analytically; the phenomenon coprecipitation; the thermodynamics 


the application the periodic lew the fundamental 


fons; the study organic reagents end their application 


alytical chemistry; oxidation-reduction reactions and complex the 
application (cationic and anionic exchange new methods 
volumetric analysis; group analysis and other rapid methods; electrolysis 


with the and the use statistical methods ana- 


connection with the continuously mounting importance organic 


general use for long tine, the conference regards essentials 
within the Commission Analytical Chemistry special section 


for new analytical reagents which,with the participation the All Union Scien- 


tific-Experimental Institute Chemical Reagents,will consider the value all 
the new reagents described, and publish its opinion and its 
regarding tnese reagents. 


deem necessary hold systematic reviews the unification and 
technical snalytical methods with the use the 
experience factory laboratories and research institutes. 


continue and expand work the history analytical chemistry 
our country, expose foreign scientists engaged falsification this con- 
nection. accelerate the publication monographs the history analyt- 
ical 


deem necessary publish monographs different topics ana- 
lytical chemistry such as; the application physico-chemical analysis 
analytical chemistry; the theory the action and application organic rea- 


bd 
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gents; the methods mathematical statistics analysis; and 
tions special topics analytical chemistry. 


10) regard urgent increase considerably the near future the 
size the Analytical Chemistry, because the hold publishing 
work which often leads loss priority for Soviet analysts and hinders the 
introduction new and improved methods analysis industry. 


regard necessity the renewal the publication chemical 
reference together with general improvement and increase annotated 
bibliographic work with indexes work analytical chemistry, printed dif- 
ferent collections. 


12) ask the Ministry Higher Education increase the amount time 
analytical chemistry. 


13) direct the attention the Ministry Machine and Apparatus Con- 
the position which exists with regerd the output 
snalytical weights, inciuding the application return part- 
for micro and semi-micro 


ask the Ministry Machine and Apparatus Construction suggest 
who supply microweights and other epparatus, that they establish 
closer contact with the Analytical Chemistry the 
Institute the USSR Sciences and not issue new models weights 
without the approval this Commission. 


orgenize the preparation new ion exchange resins. 


14) ask the Ministry Chemical Industry expand the production 
apparatus and reagents use, and also familiarize the 
issue new reagents lists, approved the Chem- 
istry. 


the chemical side spectral analysis; the application organic 
the polarographic chromatographic methods; the 


and also rapid and automatic 


16) consider the state terminology analytical chemistry 


lytical Chemistry soon. 


18) the material the present conference the form 
arate thematic collection “Work the Commission Analytical 


‘publish the resolutions the conference the next numbers the 
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the first books planned for from series Russian monographs and 
manuals analytical chemistry. This which has appeared very oppor- 
tune moment, wis designed fill gap our literature colorimetric 
analysis. its makeup the book original and new, 


The book into three 


The first part devoted description and consideration the conditions 
necessary for converting the component determined into colored compound, 
The general laws light absorption colored solutions are con- 
amount information regarding Beer*s law, the effect 
metric determinations, and the colorimetric determination complex mixtures 
adduced. section included here extraction, which the extractive 
ration the elements described, apparently more detail than any 
vious textbook analytical chemistry. The valuable contributions Babko 
the deviations from law are included here well his work 
the influence the color, and the composition solution, etc. 
reading this part one feels the easy approach the authors the questions 
the calculations different constants, equilibrium ionic concentrations, etc. 


its abundence theoretical material and depth approack, the first 
part this book better than the corresponding section any other textbock 


analytical chemistry. 


The second part devoted consideration the methods measuring 
color intensity and the requisite apparatus. test methods, 
the and method the visual and photoelectric 
meters used mary laboratories are treated sufficient detail. special 
chapter devoted the colorimetric determination mixtures two 
components. 


The third and longest part,which occupies more than half the book,contains 
descriptions methods colorimetric determination. The material 
arranged not according elements, but chapters (13 headings) which describe 
the determination elements forming related colored compounds. The following 
groupings are employed: thiocyarate and halogen complexes; the use and 
organic bases; compounds; determination weakening the 
heteropolyacids: inner complex compounds; with dyes containing Od- 
groups, with organic reagents containing No, with reagents containing 
groups: methods based methods; the syntheses organic 
colored and methods determination pH. 


are not happy with regard the choice the groups and tke 
reletion the different those connected with the applica- 
tion organic reagents, one group another, must admit that such 
scheme, course, more convenient than the method arrangement according 
elements used other textbooks. means this group arrangement tne 
mechanism reaction well its selectiveness emphasized more 
end results greater economy printing space. 


chepter separate descriptions are given the determination 
individual elements. Each description made the same model. First, 
general description given which includes information the theory idea 
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reaction, and indicates the factors which interfere with the reaction and gives 
the method measuring the color and the sensitivity the reaction. Further, 

fairly description given which includes brief description the 
method, list the necessary reagents, and the procedure, Several procedural 
methods are given each for determinations the pure 
solutions and different materials. The literature references are given 


footnotes. 


holding strictly this method description the book suitable for 
use and gives pleasant impression. 


The book well written, simple and clear language. gives the 
pression being reliable textbook, carefully compiled strictly scient- 
ific basis with due regard practical 


Although have thus far given good review this book, there are 
nevertheless some debatable points both and particular character 
which necessary observe. 


agreeing write book colorimetric analysis such small volume 
pages) the authors took thankless tesk. give anything like com- 
plete coverage subject which expanding rapidly the present time 
such small book obviousiy impossible. Therefore the authors had resort 
selection material which they thought the greatest interest. Nat- 
different opinions exist with regard the best selection; e.g. not 
clear why the authors omitted the very useful method 
while they included the rather insensitive dimethylglyoximepyridine 
method which necessitates the use silver nitrate and method which 
many metals well chlorides interfere. 


some places references are made other methods for the determination 
various which are not described, but references the best varients 
these other gre not always given. The question how rind these 
best methods the literature therefore arises, 


Colorimetric methods determining Sn, Br, Ag, Ca, Cd, and large 
the so-called elements, Zr, and others are not described. 
would useful the authors their preface explained their motives for 
choosing the elemerts and the methods determining them they have. 


All the texttook, the authors themselves observed the preface, com- 
piled the basis Russian literature only. Throughout the book there are only 
references the works foreign scientists. The motives here are not clear 
either. good, reliable colorimetric methods for the determination any ele- 
ment ere descrited foreign literature, not clear why they should not 
included tbis 


The views the influence pH, and the conditions forma- 
tion complexes between the different elements and organic reagents which are 
weak acids (salicylic acid, etc) are very debatable. this connection the 
authors almost without reservation show one-sided approach which they assume 
that the conditions for the existence and the formation complexes are deter- 
solely the concentration the enions the corresponding weak acids, 
which can ecsily calculated.on the basis the dissociation constants 
these scids. The nature the cations, the effect the the 
cations and other factors elements are not considered (pp. 60, 


64, 72, 161, 166, 


sion, that apart from the dependence the nature the element, the complexes 
formed the clement are less stable, the higher the acidity, since according 
the increase ucidity the concentration the compovnd 
approximately what the euthors found (pp. and particularly 
295). 


this connection also the authors are faced with the difficulty of. ex- 
plaining the precipitation elements the 5th group only from strongly 
explaining the high stability acids the salicylate complexes 
which considerably greater than that the corresponding complexes 
plaining the capacity form complexes with hydroxyanthraquinone 
concentrated acid media. This sided approach the authors even more 
difficult understand, when there exist works which are undoubtedly known 
the authors (e.g. articles the Journal Analytic 
and the General Chemistry, 20, 807, 816 (1950) which the unequal 
effect the capacity element form complexes according the 
nature the element has been clearly demonstrated. 


course impossible include all the methods colorimetric 
analysis such small book. The authors should immediately undertake 
second, considerably expanded edition their textbook, which they elin.. 


inate errors which have crept in, and include any useful material left out the 
first edition. wish them luck, 


See Consultants Bureau English translation, pp. 845, 
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